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Introduction 
2001 Crop Updates  -  Weed Update 
2000 was a difficult year.  There was wide spread summer rain, a delayed break to the season in 
many areas and low rainfall throughout the season.  This lead to poor crop yields.   
2000 was a bad year for weed management.  Many farmers had poor control with herbicides.  Some 
of this poor control was due to seasonal conditions and some was due to herbicide resistance.  Poor 
crop establishment and growth also meant that crop competition was not as effective.  The amount of 
radish in lupin crops that set seed unchecked is of great concern.  It is likely that the outcomes of last 
season will be felt for several years, not only due to the financial impact but also due to the seed bank 
increases that occurred. 
We hope that this year it is better in all aspects of farm business and management. 
This year we have received contributions from Agribusiness, Private Research Groups, Agriculture 
Western Australia, and WAHRI.  We would like to take this opportunity to thank everyone for their 
contributions.  We appreciate the effort to which people have gone to deliver their papers.  We 
understand that there are many conflicting commitments at this time of year. 
It is always a very difficult task to decide which papers should be presented in the limited concurrent 
sessions available.  This year I circulated the list of contributed titles to a number of researchers, 
agronomists and consultants for their feedback on the talks they most wanted to hear.  The convenors 
used the information provided by these 15 people to decide which weeds talks should be presented.  
My sincere thanks to all those who provided feedback. 
It is important to remember that this document contains results from research where the reported 
product or the use reported for that product is not currently registered.  Any discussion of these uses 
does not constitute a recommendation for that use.   
In addition the use of trade or proprietary names in this book does not constitute a preferred 
recommendation.  There are a large number of products containing the same or different 
concentrations of the same active ingredient.  Alternative manufacturer’s products containing the same 
active ingredient may perform as well or better than those specifically referred to.  Always check what 
concentration of active ingredient the rates refer to. 
Finally I would like to thank Chiquita Butler for her assistance in compiling this book. 
Vanessa Stewart 
CONVENOR  -  WEEDS 
AGRICULTURE WESTERN AUSTRALIA, MERREDIN 
 
Wild radish  -  the implications for our rotations 
Dr David Bowran, Centre for Cropping Systems, Northam 
INTRODUCTION 
Wild radish remains one of the most severe weed problems in cropping systems in Western Australia.  
There appears to be a general trend towards increasing amounts of the weed in northern agricultural 
regions.  Many farmers in southern regions are now experiencing the problem.  In addition the 
increasing levels of resistance to many common and cheap herbicides will pose very real problems for 
its management into the future. 
Despite this there are still many effective control measures available for the weed.  It is the process of 
placing these measures into biologically and economically realistic systems that is probably the 
greatest challenge. 
COMPONENTS 
For IWM to be successful a good understanding of the weed and its possible control measures is 
necessary.  However the real value of any program will lie in the ability to place it in context  -  that is 
within the context of management of all weeds within the system and in an economical manner.  
Various parts of the system require careful attention if this is to be achieved. 
Understand the weed 
Wild radish has characteristics in common with many weeds that lead to its successful growth in our 
farming systems. 
It has substantial plasticity in response to its environment, especially in regard to seed production.  
The characteristics of its seed pods ensure that even after 5 years viable seed can still be present in 
most soils, and in non-wetting soils where biological degradation is minimised, carryover is likely to be 
very significant. 
Seed pods are readily shed at maturity ensuring minimal harvest capture, yet harvested pods are light 
enough to ensure that when harvested with large seeded crops most pods are returned to the 
paddock from the harvest operation.  
When germinating early in autumn seeds may be set in as little as 60 days.  Radish is quite drought 
tolerant and appears able to produce seeds under severe competition from other species.  Being an 
outcrossing species it can recombine genes quickly to ensure the next generation is better adapted.  
As with many weeds herbicide resistance can occur quickly with some groups of herbicides such as 
the ALS inhibitors (Group B herbicides). 
Understand the management practices 
The majority of management practices for effective control of wild radish are similar to those used for 
control of most other weeds.  In continuous cropping selective herbicides remain the primary method 
of control.  Most selective herbicides can achieve 95% control if used at rates and under conditions 
favourable to a particular herbicide.  Problems arise when reduced rates are used under less than 
optimal conditions, and poorer control is achieved.  The crop into which the herbicide is used can also 
play a significant role.  Lupins are largely sown dry, ensuring the pre-emergent triazines have reduced 
efficacy, while if non-wetting soil is present much of the herbicide may be unavailable to the weed. 
The extent to which herbicide groups can be used will be largely determined by use of the other 
groups in an alternative phase of the rotation.  Therefore where simazine or atrazine are used in lupins 
the strictest interpretation of the guidelines would suggest that no diuron, bromoxynil or terbutryn be 
used in the cereal.  If Brodal is used in lupins, then no Tigrex or Jaguar be used in cereal.  Were 
Eclipse to be used on flowering radish in lupins then in theory no sulphonyl urea herbicide should be 
used in wheat. 
However the system nearly always has more than one weed and particular herbicides may be 
desirable to remove some weeds.  Thus sulfonylureas provide good doublegee control, and to remove 
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them from the system would require an effective alternative (e.g. dicamba, either alone or in mixture).  
It must also be borne in mind that a weed like wild radish shows numerous germinations in one 
season and early applications for yield response may result in sufficient later germinations to re-build 
the seed bank for future years.  Consequently herbicide based management systems may become 
extremely difficult to use once resistance to one or more groups is present on a farm. 
Other management practices are available which can be extremely useful.  Pasture combined with 
spray-grazing, hay or silage making, green (brown) manuring or fallowing should all be able to reduce 
seed set by 100% in a particular year.  Seed catching should provide some level of control in early 
harvested crops, while crop-topping with non-selective herbicides can be effective in minimising seed 
set in crop.  Reduced disturbance seeding systems may reduce plant establishment but require other 
measures for good control to be achieved.  Cultivation will effectively control small germinated wild 
radish, though disturbance may provoke additional germinations to occur within crop.  
Design the rotation  -  use as many control options as possible 
Improving system design to ensure weed management is optimised would seem a desirable path to 
adopt.  However any change to the current system will have both costs and benefits, and achieving a 
better-balanced system may not always be possible.  Any new system which is advocated, if widely 
adopted, may lead to broader economic impacts which reduce overall gross returns  -  e.g. every 
farmer cutting hay to sell on the local market.  Rotation design should also aim to ensure optimal pest 
management, nutrient flows, soil management, water use efficiency and effective management of 
other weeds in the system.  Getting the system balanced so effective management of a particular 
weed is maximised, while the rest of the system is still optimal is not as easy as it seems!   
- Aim to reduce the seedbank inputs to zero in at least two consecutive years  -  3 or 4 is 
better still 
If in an ideal world herbicides were able to control 100% of a weed population in a paddock in every 
year, with no resistance evolving, seedbank inputs would become zero!  The fact that weeds haven’t 
disappeared from continuous crops implies we can’t achieve this goal.  
It is necessary to effectively lower seed numbers returning to the seedbank if competition in future 
crops is to be minimised.  This is particularly important for longer-lived seedbanks.  Even having 5% of 
a seed rain still present (in the seedbank) after 5 years will be sufficient to cause problems.  Achieving 
2 years of zero input while maintaining economic viability on a paddock is difficult, so whole systems 
approaches become necessary.   
It is important to be aware that seed is being set.  While the weed may not be flowering visibly above 
the crop, seed set can and does occur within crops.  This has important ramifications in achieving 
multiple years with no seed set.  Radish plants germinating following summer rain can contribute large 
quantities of seed to the seedbank.  This is often seed that has high levels of dormancy. 
- Once weed numbers are low keep them low 
This is much easier said than done.  Yet the tools are generally available but do come at a cost.  In 
most cases herbicides are required and the tradeoffs between higher rates under low weed burdens 
and very high levels of seed set control, versus reduced input costs but longer-term higher weed 
burdens have to be carefully considered. 
- Calculate rotational gross margins  -  use models 
Modelling is by far the common sense way to look at new systems of weed management.  As models 
such as RIM are provided, sufficient flexibility for real time analysis then becomes easier.  Single year 
gross margins can never truly capture the true returns of different practices.  What looks expensive in 
a given year (e.g. sacrificing of a crop) can have long term benefits and payoffs that will never be 
captured by a single year calculation. 
DOES THE SYSTEM MAKE SENSE 
The lupin-wheat rotation classically builds up radish numbers very quickly, with evidence from both 
farmers and trials supporting this view.  In contrast rotations which include significant amounts of well-
grazed pasture have little build up and may decline in radish numbers.  A balance between these two 
systems which allows grain legumes to be effectively grown would be ideal. 
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Table 1 illustrates the effects of different rotations on relative wild radish buildup after 8-10 years (2-4 
cycles) of a number of rotations using a spreadsheet model in which the following parameters were 
used: 
• Seedbank germination  -  33% yr 1, 20% yr 2, 7% yr 3 and 3% yr 4 with 37% of the total 
seedbank being lost to other factors. 
• A herbicide efficacy of 90% in lupins or grain legume, 95% in cereal and 100% in spray grazed 
pasture. 
• Seed production ratio for wild radish for lupin against wheat of 2:1. 
Table 1. Relative change in wild radish seedbank with different rotations 
Rotation sequence Relative radish seedbank compared to start 
L : W (4 cycles) 159 
L : W : W (3 cycles) 23 
L : W :C : W (2 cycles) 10 
L : W : GM : W (2 cycles) 2 
L : P : W : W (2 cycles) 0.6 
L : P : P : W : W (2 cycles) 0.14 
P : W : W (3 cycles) 0.05 
P : P : W : W (2 cycles) 0.01 
L = lupin, W = wheat, C = canola, GM = green manure lupin, P = sown pasture. 
The classic lupin-wheat rotation shows high levels of enrichment of the seedbank, and even if we start 
with low seed numbers in the seedbank we should anticipate that system failure should occur given 
the levels of control and seed production indicated.  Reducing the amount of lupins in the rotation 
reduces radish buildup, and a single break year of no seed set has dramatic effects on the enrichment 
process.  Increasing the level of cereal also has an impact due to higher competitiveness and 
generally better weed control from herbicides.  The use of single pasture years with 100% control has 
the ability to reduce radish buildup and appears to run seedbanks down.  It is important to note that 
two of the pasture containing rotations which contain lupins have relative seedbank changes of less 
than 1.0. 
By taking two of these rotations and changing the parameters of seedbank characteristics, efficacy of 
herbicides or seed set it is possible to test the robustness of the system.  The effects of these changes 
are shown in Table 2. 
In the rotation in which a single year of break is used (LWGMW) changing germination patterns to 
either more germinating in the first year after seed production, or delaying the germination of the 
seedbank as might occur with non-wetting soil increase the radish buildup.  The two year pasture 
rotation is more effectively buffered against such changes in germination patterns.  The effect of 
changes in herbicide efficacy in lupins are significant and should be carefully considered. In drier 
seasons efficacy of 80% may just be achievable, while in high rainfall years the 95% is possible.  The 
use of reduced rates of herbicides combined with dry seasons may have led to the increases in wild 
radish in the northern wheatbelt.  
Reduced efficacy in lupins has a strong effect in the rotation with the pasture phase also showing 
increases in wild radish  -  the combination of reduced efficacy with non-wetting soils could make this 
rotation have a net increase in radish.  The effect of delaying germination of wild radish by 20% so that 
higher seed production were to occur later in the crop is consistent with the view that later emerging 
weeds have less impact on seedbank return.  The most dramatic effect is with reducing seed input at 
harvest by 50%.  Even in the non-pasture rotation it becomes possible to contemplate long term 
reductions in the seedbank. 
Some of the rotations presented represent a series of possible solutions to wild radish management 
but they are by no means the only solutions.  The use of mechanical methods of control such as with 
hay cutting and silage making should also be considered, and are likely to be of increasing importance 
where high value crops such as chickpea and lentils are considered.  
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The stability of rotations must be considered from both biological and economic viewpoints.  The 
lupin:wheat rotation has been extremely profitable for much of the northern wheatbelt and to 
dramatically alter such a rotation will require excellent alternative solutions  
Table 2. Effect of changing biological and control parameters on relative wild radish seedbank 
Parameter LWGMW (2 cycles) LPPWW (2 cycles) 
As above 2 0.14 
Change germination pattern (50, 20, 10, 3) 5.5 0.6 
Change germination pattern (25, 25, 15, 10) 4 0.6 
95% herbicide efficacy lupins 0.6 0.14 
80% herbicide efficacy lupins 7.3 1 
Delay germination of 20% radish in lupins 2.8 0.19 
50% reduction in radish seed set both crops 0.1 0.01 
CONCLUSION 
Wild radish poses a significant threat to cropping rotations, with the lupin-wheat rotation particularly at 
risk from both weed increase and herbicide resistance.  Management practices which reduce this 
threat such as longer term breaks without seed set, improved herbicide efficacy and improved seed 
set control can all contribute to reducing the threat but will come at a cost.  The longer-term challenge 
is to manage wild radish within the perspective of all weeds in the system and for maximum economic 
return. 
 5 
Integrated weed management:  Cadoux 
Alexandra Wallace, Agriculture Western Australia, Katanning 
KEY MESSAGES 
• High ryegrass densities in pasture years can be targeted with non-selective treatments to 
reduce returns to the soil seed bank. 
• At least two consecutive years of 100% ryegrass seed set control are needed to have a 
substantial impact on the soil seed bank. 
• Correcting pH deficiencies has improved grain yield through optimising growing conditions, 
particularly for crops already at a seasonal disadvantage, e.g. late sown wheat. 
AIMS 
Integrated weed management (IWM) combines multiple weed management techniques to reduce 
weed density.  The idea being to hit the weeds with such a varied battery of control measures that the 
plants are unable to develop an evasion strategy (e.g. resistance to herbicides).  While there is some 
data available on individual weed control methods, there is little available on how IWM systems fit into 
our current farming practices.  During 1997 and 1998 several sites were established to investigate the 
practicality of IWM on a large scale.  
METHOD 
The Cadoux demonstration consists of six 1 ha blocks of pasture, wheat (early and late seeding), lupin 
and canola/barley.  Each block represents one year from a five-year rotation with an additional block of 
continuous wheat.  Blocks are split in half, one half receiving a higher degree of management (+) than 
the other, for example, increased seeding rate, an altered or enhanced package of herbicides, crop 
topping, stubble management at harvest, green/brown manure, etc.  The other half, which is managed 
less intensively, approaches district practice (-) (Figure 1). 
Annual ryegrass density is measured prior to crop establishment, in the seedling crop and as mature 
plants prior to harvest (to estimate seed production).  Yield and appropriate grain quality 
measurements are recorded for each crop species. 
 
 
 
 
 
 
 
 
 
 
Figure 1. The rotation sequence and major treatments applied during each phase of the rotation.   
(KD = knockdown herbicide, SR = seeding rate). 
RESULTS 
Following four years of treatments, plots which are intensively managed (+) generally have lower 
densities of annual ryegrass than plots which are treated more conventionally (-), although in some 
cases the differences are not large (Table 1 and 2).  When the rotation cycles to pasture the ryegrass 
numbers rise considerably.  It is expected that the seed set control imposed in spring will control 100% 
of ryegrass seeds on the (+) pasture plot.  The density of ryegrass germinating each year indicates 
that the seed bank is still considerable. 
Canola (+) 
TT, burn header 
trails, swath 
prior to harvest 
Barley (-)  
KD + Trifluralin 
Pasture 
(+) Serradella, 
hay freeze with 
glyphosate 
(-) Sub. clover, 
spraytop with 
paraquat 
Wheat (early) 
(+) KD + Logran® +  Trifluralin,  
  SR, autumn burn  
(-) Trifluralin + KD 
Wheat (late) 
(+)  SR, Yield® 
(-) Trifluralin 
Lupins 
(+) Simazine + 
atrazine, croptop 
(-) Simazine 
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Grain yield is often increased on intensively managed plots compared to the conventionally managed 
plots (Table 3).  A comparison of wheat yield, averaged over the four years of the demonstration 
(Table 4), show a marked increase of (+) over (-), with the largest differences in later sown and 
continuous wheat treatments. Early sown wheat has the highest grain yield potential. 
Table 1. The density (plants/m²) of annual ryegrass prior to crop establishment and in-crop, for four 
years of a rotation at Cadoux.  (+) indicates IWM imposed, (-) indicates more conventional 
methods used 
1997 
 
1997 
 
1998 
April 
1998 
 
1998 
 
1999 
April 
1999 
 
1999 
 
2000 
Aug. 
2000 
Pasture (+) 632 Wheat, L (+) 68 29 Lupins (+) 148 185 Wheat, E (+) 47 
Pasture (-) 589 Wheat, L (-) 254 39 Lupins (-) 685 278 Wheat, E (-) 39 
Lupin (+) 65 Wheat, E (+) 676 101 Canola (+) 93 156 Pasture (+) 276 
Lupin (-) 82 Wheat, E (-) 2672 277 Barley (-) 265 600 Pasture (-) 816 
Wheat, late (+) 22 Lupin (+) 219 17 Wheat, E (+) 313 68 Canola (+) 4 
Wheat, late (-) 19 Lupin (-) 534 25 Wheat, E (-) 1262 239 Barley (-) 26 
Canola (+) 18 Pasture (+) 1183 110 Wheat, L (+) 125 39 Lupins (+) 91 
Barley (-) 8 Pasture (-) 270 120 Wheat, L (-) 55 34 Lupins (-) 59 
Wheat, early (+) 84 Canola (+) 169 29 Pasture (+) 450 502 Wheat, L (+) 79 
Wheat, early (-) 25 Barley (-) 625 32 Pasture (-) 575 688 Wheat, L (-) 79 
Cont. wht (+) 32 Cont. wht (+) 727 41 Cont. wht (+) 320 39 Cont. wht (+) 59 
Cont. wht (-) 38 Cont. wht (-) 480 139 Cont. wht (-) 780 326 Cont. wht (-) 106 
Later sown wheat (by 2-3 weeks) has a lower level of annual ryegrass than early sown wheat (Table 1, 
July 1997 and 1998 and June 1999).  Pre-seeding weed control for the early sown wheat plots may 
miss the bulk of the ryegrass germinating each season, allowing it to germinate under the crop.  
Delayed seeding allows more time to stimulate and control grass germination. 
Table 2. The density (plants m-2) of annual ryegrass prior to crop establishment and in-crop, for four 
years of a rotation at Cadoux, averaged over treatments to compare (+) with (-) rotations 
(excludes continuous wheat) 
Rotation 
July 
1997 
April 
1998 
July 
1998 
April 
1999 
June 
1999 
August 
2000 
IWM (+) 164 463 57 226 190 99 
‘Standard’ (-) 145 871 99 568 368 204 
Table 3. Grain yield (kg/ha) during the course of the demonstration at Cadoux.  (+) indicates IWM 
imposed, (-) indicates more conventional methods used 
1997 Yield 1998 Yield 1999 Yield 2000 Yield 
Pasture (+) - Wheat, L (+) 1428 Lupins (+) 2186 Wheat, E (+) 1790 
Pasture (-) - Wheat, L (-) 970 Lupins (-) 2088 Wheat, E (-) 1498 
Lupin (+) 540 Wheat, E (+) 1720 Canola (+) 416 Pasture (+) - 
Lupin (-) 510 Wheat, E (-) 1564 Barley (-) 660 Pasture (-) - 
Wheat, late (+) 1120 Lupin (+) 910 Wheat, E (+) 2174 Canola (+) - 
Wheat, late (-) 1150 Lupin (-) 1014 Wheat, E (-) 2086 Barley (-) 1031 
Canola (+) 300 Pasture (+) - Wheat, L (+) 1532 Lupins (+) 780 
Barley (-) 1640 Pasture (-) - Wheat, L (-) 1495 Lupins (-) 750 
Wheat, early (+) 1280 Canola (+) 284 Pasture (+) - Wheat, L (+) 1194 
Wheat, early (-) 1280 Barley (-) 1720 Pasture (-) - Wheat, L (-) 441 
Cont. wht (+) 1070 Cont. wht (+) 1456 Cont. wht (+) 1284 Cont. wht (+) 1676 
Cont. wht (-) 810 Cont. wht (-) 870 Cont. wht (-) 427 Cont. wht (-) 719 
Table 4. Wheat yield (kg/ha) averaged over course of the trial (4 years), comparing (+) with (-) rotations.  
The three wheat phases are examined 
Rotation 
Continuous 
wheat 
Early seeded Late seeded 
IWM (+) 1372 1741 1319 
‘Standard’ (-) 706 1607 1014 
July July June 
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At establishment of the demonstration the northern half of each plot received 2 t/ha of lime.  There was 
a large effect of lime on the late wheat, barley and canola, with a doubling of grain yield where lime 
had been applied compared to the unlimed area (Table 5). 
Table 5. Grain yield (kg/ha) 1999, the effects of lime (2 t/ha) applied in 1997 are displayed.  (+) Indicates 
IWM imposed, (-) indicates more conventional methods used 
Rotation Yield 
1997 1998 1999 No lime Lime applied 
Pasture (+) Wheat, late (+) Lupins (+) 2172 2200 
Pasture (-) Wheat, late (-) Lupins (-) 2176 2000 
Lupin (+) Wheat, early (+) Canola (+) 320 512 
Lupin (-) Wheat, early (-) Barley (-) 468 852 
Wheat, late (+) Lupin (+) Wheat, early (+) 2120 2228 
Wheat, late (-) Lupin (-) Wheat, early (-) 2044 2128 
Canola (+) Pasture (+) Wheat, late (+) 1020 2044 
Barley (-) Pasture (-) Wheat, late (-) 1114 1876 
Wheat, early (+) Canola (+) Pasture (+) - - 
Wheat, early (-) Barley (-) Pasture (-) - - 
Cont. wht (+) Cont. wht (+) Cont. wht (+) 1200 1368 
Cont. wht (-) Cont. wht (-) Cont. wht (-) 336 518 
CONCLUSION 
The largest ryegrass densities are on plots that are under pasture.  The (+) pasture is treated with 
herbicide in spring (hay-freeze, brown manure) and 100% ryegrass seed set control is expected 
following this application.  Ryegrass should be encouraged to germinate in the pasture phase to 
enable seed set control, using brown manure. 
During 1999, the canola and barley plots were split, with half being sprayed out (brown manure) and 
the remainder continuing on to harvest.  Canola has been a low yielding crop on this site for the 
duration of the trial and the barley never recovered from waterlogging early in the 1999 season.  
Spraying out half the plot, and subsequently preventing ryegrass seed set, will enable a comparison to 
be made of two seasons of complete grass removal with one season, following the 2001 harvest. The 
barley and canola is followed by pasture in the rotation, of which one plot (+) is sprayed out in spring. 
No plot is free of ryegrass after four years of integrated weed management.  The treatments applied 
have not been hard enough on the ryegrass and each year some escapes to replenish the seed bank.  
Two consecutive years of 100% ryegrass control may be needed to have a substantial effect on the 
seed bank. 
Annual ryegrass density was 60-90% lower in crops, which followed pasture compared to those which 
followed lupins (Table 1, April 1998 and 1999).  Lupins are less competitive early in the season and 
the level of grass control given by triazines and crop-topping appears to be insufficient to prevent 
substantial quantities of seed being set. 
The application of lime to the paddock in 1997 improved crop yield in 1999 and again in 2000 (data 
not presented). It is interesting that the greatest yield responses were measured on the crops that 
were least suited to the demonstration site (canola and barley) or disadvantaged by sub-optimal 
growing conditions (late sown wheat).  So it is important to get the healthiest growing conditions as 
stresses may reduce the potential response to grass control. 
The rotation is designed to evaluate the performance of the crops and weed control treatments over a 
five year period.  It is anticipated that a five year gross margin will demonstrate improved profitability 
as a result of IWM compared to the low input district practice. 
KEY WORDS 
integrated weed management, herbicide resistance, annual ryegrass 
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A systems approach to managing herbicide resistant 
ryegrass 
Bill Roy, Agricultural Consulting and Research Services Pty Ltd, York 
KEY MESSAGE 
When grass selective herbicides are no longer effective for the control of annual ryegrass, integrated 
management programs incorporating breaks where no seed set is allowed will allow cropping to 
continue.  However, it would be better to commence such programs before losing the use of the 
herbicides. 
AIMS 
To evaluate integrated weed management programs for their ability to prevent herbicide resistant 
ryegrass becoming an impediment to sustainable cropping. 
METHOD 
Four sites were selected in 1996 to allow the project to commence in the 1997 cropping season.  The 
sites were selected based on their herbicide history and field results indicating the likelihood of 
ryegrass resistance.  As reported to the 1998 Crop Updates, laboratory testing of seed and in situ 
trials in 1997 determined high levels of resistance to Groups A and B. In addition the in situ trials 
indicated the prospect of poor control with Groups C and D.  
Blocks were established at each site on a non-replicated basis in 1997 and various integrated 
management programs over the four-year period ending with harvest 2000.  These programs have 
taken into consideration the basic principles: 
• Prevention of seed return to the bank. 
• Reduction of the seed bank prior to cropping. 
• Maximising the competitive capacity of the crop. 
Little use of grass selective herbicides has been made in the program due to their indicated 
ineffectiveness and unless otherwise stated none of the blocks reported in this paper received such an 
input in 2000. 
Key measurements made during the four-year period have been: 
1. Ryegrass counts following each emergence. 
2. Determination of crop yield to allow a gross margin study to be made over the life of the project. 
RESULTS 
Site 1a (Dowerin)  -  1996 ryegrass population 158 m-2 
Table 1. Four-year aggregated ryegrass (ARG) count, year 2000 in-crop ryegrass count (ICRG) and 
four-year Gross Margin (GM) from selected blocks (WB = windrows burnt, SB = total stubble 
burn) 
Block 1997 1998 1999 2000 WB SB ARG m2 ICRG m2 GM $ ha-1 
14 Wheat HAY* BM** Wheat 1 1 1005 23 276 
13 Wheat HAY* Wheat Barley 1 2 1218 88 330 
8 HAY* Barley Field peas Barley 2 1 1687 128 -244 
12 Wheat Barley Canola Wheat - 3 1686 225 -84 
  * HAY  -  no seed set following cut/spray off re-growth. 
** BM  -  no seed set following brown manure double knock program of glyphosate/paraquat. 
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The key to the low ICRG count in B14 was the two-year break to ryegrass seed set provided by the 
1998/1999 program.  In contrast B12 did not have a seed set program and despite three total stubble 
burns the in-crop ryegrass numbers in 2000 exceeded those found in 1996 
Intermediate results were attained in B13 and B8.  The best economic outcome was derived in B13 
where two competitive wheat crops were split by a year of seed set control through taking a hay crop.  
The narrow economic advantage found in this block compared to B14 could well disappear within 
another year through the higher in-crop (year 2000) ryegrass numbers. 
In B8 the initial program of preventing seed return to the bank was negated by the three years of 
non-competitive cropping, neither the barley nor field peas doing well on the non-wetting soil.  This 
program illustrates the classic situation of a problem build up being accompanied by a serious loss of 
income. 
Site 1b (Dowerin)  -  1996 ryegrass population 608 m-2 
Table 2. Four-year aggregated ryegrass (ARG) count, year 2000 in-crop ryegrass count (ICRG) and 
Gross Margin (GM) from selected blocks 
Block 1997 1998 1999 2000 WB SB ARG m2 ICRG m2 GM $ ha-1 
7 BM** Barley  -  late BM** Wheat - 1 1204 55 -40 
1a BM** Wheat Wheat Wheat - 3 532 60 810 
1 BM** Barley  -  early Field peas Wheat 1 2 795 75 509 
5 BM** Barley  -  late Field peas Wheat 1 1 1598 193 103 
BM  -  brown manure; WB  -  windrow burnt; SB  -  total stubble burn. 
The competitive capacity of wheat has been used to maximum advantage at this good fertility site in 
B1a following a brown manure operation in 1997.  B1 produced a comparable outcome in terms of 
ryegrass reduction through the use of a crop rotation but the economic value of the alternative crops 
put this program at a disadvantage.  When this program was modified, by sowing the barley late in 
1998 (B5), a significant build up in ryegrass numbers resulted.  By inserting a brown manure phase 
(B7) in 1999 the ryegrass build up was reversed but at a short-term loss of income. 
Site 2 (SE York)  -  1996 ryegrass population 886 m-2 
Table 3. Four-year aggregated ryegrass (ARG) count, year 2000 in-crop ryegrass count (ICRG) and 
Gross Margin (GM) from selected blocks 
Block 1997 1998 1999 2000 WB SB ARG m2 ICRG m2 GM $ ha-1 
2D   Pasture+   Pasture+   Wheat    Wheat - 1 920 28 766 
1A   Barley   Canola   Wheat    BM** 1 2 671 173 329 
3E   Pasture+   Pasture+   Pasture+    Wheat - - 3972 80 352 
+  Pasture - spray-topped (paraquat) to prevent seed set. 
BM  -  brown manure; WB  -  windrow burnt; SB  -  total stubble burn. 
Fifteen different combinations have been examined at this site ranging from continuous cropping 
through to three years pasture before returning to crop. 
B1A followed a 1996 operation of silage followed by spraying off regrowth.  The barley crop in 1997 
was an excellent crop with little ryegrass but this was followed by two weak crops (poor establishment 
in the case of Canola and CCN in the 1999 wheat crop).  The ARG figure is low resulting from the 
good start to the program but the ICRG figure indicates the problem ahead hence the decision to 
brown manure in 2000.  
Serious income was foregone for two years in B2D through the use of a pasture phase following a 
normal hay cut operation in 1996.  This two-year break was followed by two excellent wheat crops 
without grass selective herbicides and resulted in a low ICRG and an excellent four-year GM.  The 
extra year of pasture in B3E where the 1996 crop was taken to harvest, with the legacy of a high weed 
burden, also led to a reasonably low ICRG figure but at the cost of a year’s crop income. 
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Site 3 (NE Corrigin)  -  1996 ryegrass population 206 m-2 
Table 4. Four-year aggregated ryegrass (ARG) count and year 2000 in-crop ryegrass count (ICRG) from 
selected blocks 
 Stimulation Herbicide 1997 1998 1999 2000 ARG m2 ICRG m2 
1 Yes KD & GS Canola Wheat Barley Lupins 1814 216 
2 No KD & GS Canola Wheat Barley Lupins 1383 167 
3 Yes KD only Canola Wheat BM** Lupins 1913 93 
4 Yes KD only Canola BM** BM** Lupins 369 10 
KD  -  Knockdown; GS  -  Grass selective. 
Poor seasonal conditions at this site during the period of the project has resulted in uneconomic crops 
but interesting results have been captured regarding the movement in ryegrass population numbers 
under different regimes.  The impact of the two-year break in seed set (program 4) is obvious. 
CONCLUSION 
The common conclusion from the four sites is that resistant ryegrass populations can be contained in 
the initial phase of integrated management programs through the use of a two year break during, 
which no seed is set and thus returned to the seed bank.  Cleverly designed programs will be required 
to meet the economic challenge that this imposes. 
KEY WORDS 
integrated, management, ryegrass, resistance 
GRDC Project No.: ACR2 
Paper reviewed by: Dr David Bowran 
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Long term herbicide resistance demonstration 
Peter Newman, Cameron Weeks, Tony Blake, Dave Nicholson 
KEY MESSAGES 
• Two years of 100% ryegrass seed set control will reduce ryegrass numbers to acceptable levels 
provided that initial densities are relatively low (i.e. seed bank less than 500 ryegrass seeds/m2). 
• If ryegrass numbers are allowed to blow out to high numbers (i.e. seed bank in excess of 1000 
ryegrass seeds/m2) then it is likely that three years of 100% seed set control is necessary. 
• Reducing the population of a weed such as ryegrass can provide the opportunity for other 
weeds such as Brome grass to become more dominant. 
• Ryegrass has approximately 25% dormancy at this site. 
• Delaying sowing may increase the number of weeds killed with a knockdown herbicide prior to 
sowing but this does not necessarily equate to less weeds in crop. 
• Brown manuring lupins in September 1998 resulted in a 10 fold reduction in the ryegrass seed 
bank in 1999. 
AIMS 
To demonstrate Integrated Weed Management practices for the control of annual ryegrass on a non-
wetting sand, and to compare this with similar work conducted in the central region. 
METHODS 
The demonstration was initiated in September 1998 at Tony and Shirley Blake's property in Strawberry 
(West Mingenew).  An area of non-wetting sand within a lupin crop was selected.  The site had a 
dense stand of ryegrass (i.e. approximately 300 ryegrass seed heads/m2) that had survived grass 
selective herbicides and was soon to set seed.  Before the ryegrass had flowered, an area of crop (i.e. 
200 m x 50 m) was brown manured with glyphosate.  100% ryegrass seed set control was achieved.  
The lupins adjacent to this brown manured area were harvested and the ryegrass returned to the seed 
bank.  This created two ryegrass populations (i.e. high and low ryegrass numbers).  The area was 
divided into eight miniature paddocks (each 40 m x 50 m) and various rotations and weed 
management practices have been imposed (Table 1). 
Table 1. Summary of treatments applied to each block for seasons 1998, 1999 and 2000 
Plot 1998 1999 2000 
1a Lupins brown manured Cadiz brown manured Cadiz brown manured  
1b Lupins harvested Cadiz brown manured Cadiz brown manured  
2a Lupins brown manured Cadiz brown manured Wheat  - +/- Trifluralin 
2b Lupins harvested Cadiz brown manured Wheat  - +/- Trifluralin 
3a Lupins brown manured Wheat  -  no selective herbicide Lupins  -  1/2 crop top 1/2 brown manured 
3b Lupins harvested Unicorn barley Lupins  -  1/2 crop top 1/2 brown manured 
4a Lupins brown manured Canola  -  Atrazine pre & post Wheat  -  early v late sown 
4b Lupins harvested Canola  -  Atrazine pre & post + select Wheat  -  early v late sown 
Note:  Brown manuring achieved approximately 100% ryegrass seed set control. 
RESULTS 
Trifluralin has controlled approximately 77% of ryegrass in plot 2a and approximately 92% of ryegrass 
in plot 2b (Table 2).  Wheat sprayed with Trifluralin yielded more than wheat that was not sprayed with 
Trifluralin. 
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Table 2. Ryegrass plants/m2 In Crop (early post em), Season Aggregate Germination and wheat yield 
(Kg/ha) for (-) and (+)Trifluralin 480 (1.6 L/ha) for plots 2a and 2b in season 2000 
 2a 2b 
 (-) Trifluralin (+) Trifluralin (-) Trifluralin (+) Trifluralin 
Ryegrass/m2 in crop 22 5 209 17 
Ryegrass/m2 season aggregate 27 10 337 145 
Wheat yield 2000 (kg/ha) 670 780 760 830 
 
 
 
 
 
 
 
 
Figure 1. Summary of aggregated ryegrass germinations for seasons 1999 and 2000 for eight treatment 
plots (nb.  Counts for plots 2a and 2b are minus tifluralin; counts for plots 4a and 4b are for 
early sown wheat). 
Table 3. Ryegrass plants/m2 at time of knockdown, in crop (early post em), season aggregate 
germination and wheat yield (kg/ha) for early (21 June) v late sown (3 July) wheat in season 
2000 
 4a 4b 
 Early sown Late sown Early sown Late sown 
Ryegrass/m2 at knockdown 35 185 68 201 
Ryegrass/m2 in crop 53 94 30 50 
Ryegrass/m2 season aggregate 88 279 98 251 
Wheat yield 2000 (kg/ha) 780 470 950 630 
Delaying sowing has resulted in more ryegrass germinating before being sprayed with a knockdown 
herbicide for plots 4a and 4b (Table 3).  Wheat sown late (3 July, plots 4a/4b) has more ryegrass in 
crop than wheat sown early (21 June, plots 4a/4b).  The aggregate of ryegrass germination for season 
2000 was greater for late sown wheat than early sown wheat for plots 4a and 4b.  Early sown wheat 
yielded higher than late sown wheat. 
CONCLUSIONS 
• Brown Manuring lupins in 1998 resulted in roughly a 10 fold reduction in the ryegrass seed 
bank in 1999.  For example, in block 2B, lupins were harvested in 1998 and in 1999 a total of 
1433 ryegrass/m2 germinated.  Whereas lupins in block 2A were brown manured in 1998 and a 
total of 163 ryegrass/m2 germinated in 1999. 
• Brome grass hates competition.  Removing ryegrass from the population by brown manuring 
lupins in 1998 has led to a large increase in Brome grass numbers.  In 1999 for blocks 1A and 
2A where ryegrass numbers were low, there were approximately 300 Brome grass plants/m2.  
Whereas for blocks 1B and 2B where ryegrass numbers were high, there were only 30 Brome 
grass plants/m2.  The Brome grass seed bank for all of these blocks would have been similar at 
the beginning of 1999.  Removing the competition of the ryegrass has stimulated the Brome 
grass to germinate.  In a cropping situation the ryegrass could be replaced with crop plants 
sown at high seeding rate and hence the Brome grass is suppressed.  However, this is more 
difficult in a pasture situation. 
Ryegrass aggregated germination in 
1999 and 2000 
0
500
1000
1500
2000
1a 1b 2a 2b 3a 3b 4a 4b
Plot
R
y
e
g
ra
s
s
 
a
g
g
re
g
a
te
 (
p
la
n
ts
 /
 
m
2
) 1999
2000
 
16 
• Dormancy.  The ryegrass appears to have roughly 25% dormancy at this site.  This is a fairly 
typical number.  If we look at block 1B, about 1500 ryegrass germinated in 1999, about 500 
germinated in 2000 and about 130 will germinate next year.  This represents roughly 25% 
dormancy.  The site is a non-wetting sand which would enforce some dormancy upon the 
ryegrass with the remainder being innate (i.e. in-built) dormancy of the ryegrass. 
• Success story.  If we focus on block 2B.  In 1998 the lupins were harvested and the grass 
seed returned to the seed bank.  In 1999 the block was sown to Cadiz Serradella and 1433 
ryegrass/m2 germinated throughout the year.  The  block was grazed and then brown manured 
twice in September to ensure that no ryegrass set seed.  In 2000 the block has been sown to 
wheat.  Half of the block was sprayed with 1.6 L/ha Trifluralin 480 and the other half was not.  
The success story is that for the wheat  sprayed with trifluralin there is now only 17 ryegrass/m2 
in crop (a total of 145 plants germinated throughout the season) compared to where no trifluralin 
was sprayed where there is now 209 ryegrass/m2 in crop (a total of 337 ryegrass/m2 germinated 
throughout the year).   
• The greatest success story so far, however, is block 2A.  This block had brown manured 
lupins in 1998 followed by brown manured Cadiz Serradella in 1999.  That is, two years of 100% 
ryegrass control in a row followed by wheat (+/-) Trifluralin in 2000.  This wheat crop now has 
low grass numbers, particularly where Trifluralin was used.  This block represents the best 
practice for ryegrass control.  The practices used are not necessarily the most profitable options 
but alternatives such as crop topping lupins and cutting hay would give a similar result with 
greater returns. 
• Trifluralin.  Application of trifluralin (1.6 L/ha) to plot 2b resulted in a 92% control of ryegrass.  
The wheat was sown with a DBS Knife point seeder with presswheels.  This machine is ideal for 
establishing crops with Trifluralin use because excellent crop safety can be achieved due to 
Trifluralin being concentrated into the ridge between the rows of crop.  Therefore, high rates of 
Trifluralin can be used and excellent grass weed control can be achieved. 
• Time of sowing.  A common tool for weed control is to delay sowing of the crop for 10 to 14 
days after opening rains to allow more weeds to germinate which can then be controlled before 
seeding.  This certainly occurred for plots 4a and 4b.  However, despite more grass being 
controlled with a knockdown for the late sown wheat, there was more grass in crop in the late 
sown wheat compared to early sown wheat.  The reasons for this are unclear and need further 
investigation with replicated trials.  It is possible that some of the grass that was sprayed with a 
knockdown for the late sown wheat plot survived this knockdown due to the grass being very 
small at the time of spraying.  Anecdotal evidence suggests that it may be better to sow a 
grassy paddock early with a high seeding rate rather than late in the Northern Agricultural 
Region due to the general late emergence of grass in this area. 
• Continuous crop.  Blocks 3 and 4 have been continuously cropped utilising the remaining 
active herbicides.  The ryegrass populations in these blocks appear to be increasing.  
Herbicides alone are not the answer to herbicide resistant weeds. 
KEY WORDS 
ryegrass, resistance, herbicide, demonstration, brown manured, cadiz, wheat, canola, lupins, crop top, 
integrated weed management 
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Integrated weed management:  Katanning 
Alexandra Wallace, Agriculture Western Australia, Katanning 
KEY MESSAGES 
• Burning dense undisturbed stubble in autumn reduced ryegrass density in-crop by 80-90%. 
• Increasing the seeding rate (to 150 kg/ha) and applying herbicides resulted in yield gains (of 
90%) on unburned plots where higher densities of ryegrass were present. 
AIMS 
Integrated weed management (IWM) combines multiple weed management techniques to reduce 
weed density.  The idea being to hit the weeds with such a varied battery of control measures that the 
plants are unable to develop an evasion strategy (e.g. resistance to herbicides).  While there is some 
data available on individual weed control methods, there is little available on how IWM systems fit into 
our current farming practices.  Several sites have been established to investigate the practicality of 
IWM on a large scale.  
METHOD 
The site at Katanning was established in 1999 and comprises seven treatments, replicated three 
times.  Each treatment builds from the standard one.  For example, treatment 1 is ‘standard’ district 
practice; treatment 2 incorporates increased seeding rate and herbicides.  The idea is to increase the 
number of weed management techniques used so that by the time treatment 7 is reached many ways 
of controlling weeds are implemented in the one growing season.  The same treatments are imposed 
on the same plots each season.  This site is to be seeded to wheat each year; Westonia was planted 
in 2000. 
RESULTS 
Table 1. The density (plants/m²) of annual ryegrass present before the application of first knockdown 
(May 1999), following crop establishment (July 1999) and in August 2000 following autumn 
stubble treatments and crop establishment 
  1999 August 2000 
  May July Raked Burned 
1 Standard Practice (Workup knockdown and seed @ 60 kg/ha with 
100 kg/ha Agras followed by 40 kg/ha urea.  35 g/ha Logran® 
incorp. by seeding). 
944 135 460 93a 
2 High SR (Increase seeding rate to 150 kg/ha + 150 kg/ha Agras 
followed by 60 kg/ha Urea) + Herbicides (35 g Logran® + 2 L 
Avadex® applied with seeding with 1 L Diuron immediately after 
seeding). 
644 35 67 6 
3 Delay Seed (knockdown, tickle, knockdown then seed) + 
Standard SR + Min Till. 
877 188 242 18 
4 Standard SR + Split Seeding (Half of the seed spread prior to 
conventionally seeding the remainder) + Seed Catch. 
1260 186 689 71 
5 Delay Seed + High SR + Split Seeding + Herbicides. 733 75 14 6 
6 High SR + Min Till + Herbicides + Seed Catch. 755 90 150 71 
7 Delay Seed + High SR + Split Seed + Min Till + Herbicides + 
Seed Catch. 
1288 106 52 28 
Despite the inclusion of a range of management options for grass control, all of the treatments had 
high densities of annual ryegrass present in 1999.  Due to technical difficulties seed catching was 
imposed on all plots at harvest in 1999.  However as the summer was unseasonably wet, harvest was 
delayed until late January 2000.  It is likely that a high proportion of the ryegrass seed was shed prior 
to harvest and so escaped chaff collection.  Plots were split in autumn 2000 with half raked and the 
remainder burned.  This was done in an attempt to control shed ryegrass seed and manage dense 
stubble. 
Treatment No. 
 19 
Burning dense, undisturbed stubble (not grazed over summer) proved to be an effective means of 
controlling annual ryegrass seeds (Table 1).  Raking the stubble from the plots probably increased the 
level of soil:seed contact and aided germination of the ryegrass.  In a year with an early break of 
season this increased level of germination could be controlled by mechanical or chemical means prior 
to seeding. 
Table 2. Grain yield (kg/ha) following harvest for 1999 and 2000 growing seasons 
   2000 
   Raked Burned 
1 Standard Practice (Workup knockdown and seed @ 60 kg/ha with 
100 kg/ha Agras followed by 40 kg/ha urea.  35 g/ha Logran® 
incorp. by seeding). 
2165 745 1605 
2 High SR (Increase seeding rate to 150 kg/ha + 150 kg/ha Agras 
followed by 60 kg/ha Urea) + Herbicides (35 g Logran® + 2 L 
Avadex® applied with seeding with 1 L Diuron immediately after 
seeding). 
2595 1862 2082 
3 Delay Seed (knockdown, tickle, knockdown then seed) + Standard 
SR + Min Till. 
2193 1561 1992 
4 Standard SR + Split Seeding (Half of the seed spread prior to 
conventionally seeding the remainder) + Seed Catch. 
2151 802 1851 
5 Delay Seed + High SR + Split Seeding + Herbicides. 2568 2186 2051 
6 High SR + Min Till + Herbicides + Seed Catch. 2498 1908 1832 
7 Delay Seed + High SR + Split Seed + Min Till + Herbicides + Seed 
Catch. 
2554 2070 2030 
Treatments that include a high crop seeding rate (150 kg/ha) and herbicides had lower levels of 
ryegrass carrying over from the previous year than treatments where the crop is seeded with a 
standard seeding rate (60 kg/ha). 
Burning the stubble in autumn outweighed the effect of the other weed management treatments 
imposed this season and there was little benefit gained from increasing the seeding rate on burned 
plots (Table 2).  However, increasing the seeding rate and applying herbicides resulted in yield gains 
where higher densities of ryegrass were present (raked plots). 
CONCLUSION 
It is difficult to determine whether increasing the number of weed management techniques to the level 
imposed in treatment 7 (six individual methods), is more beneficial than using only 2 or 3 methods of 
weed control during the season.  On burned plots, treatment 2 was as effective, if not better, in 
reducing annual ryegrass plant and seed head (data not presented) densities compared to treatments 
5, 6 and 7, where a greater number of weed control methods were imposed. 
It is important to reduce grass density so that there are fewer seeds to carry-over into future crops.  By 
increasing the number of weed control methods and varying the time of year when they are imposed 
there is less potential for individual weed plants to evade control.  This is important when dealing with 
herbicide resistant weed populations. 
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Integrated weed management:  Merredin 
Vanessa Stewart, Agriculture Western Australia 
KEY MESSAGES 
• Sacrificing grain production by either cutting wheat for hay or green or brown manuring 
fieldpeas has resulted in large decreases in ryegrass numbers. 
• High seeding rates (120 kg/ha) in 1999 resulted in a 50% decrease in ryegrass seed head 
production as compared to standard seeding rates (60 kg/ha). 
BACKGROUND 
The demonstration site discussed in this paper has been set up to look at the benefits of implementing 
a range of ryegrass control options within the framework of an integrated weed management (IWM) 
system. 
AIMS 
1. To illustrate the benefit of utilising integrated weed management to control weed populations. 
2. To demonstrate different weed control techniques that can be adopted into farmers' programs. 
METHODS 
The demonstration site was established in 1999 on a medium soil type on the Merredin Research 
station.  The site had a large ryegrass population which is resistant to all Group A herbicides.  
Table 1. Treatments for 1999 and 2000 
 1999 2000 
1a Tickle, sow pasture, spray topped, brown manure Sow pasture, spray top 
1b Tickle, sow pasture, spray topped, brown manure Wheat 120 kg/ha, glyphosate 1 L/ha, Trifluralin + 
chlorsulfuron (1 L/ha +15 g/ha); 
2a Tickle; glyphosate 1 L/ha, Trifluralin + chlorsulfuron 
(1 L/ha +15 g/ha); Wheat 60 kg/ha, cut for hay, 
glyphosate 1 L/ha 
Glyphosate 1 L/ha; trifluralin + metribuzin (1 L/ha + 
140 g/ha), Barley 60 kg/ha; seed caught 
2b Tickle; glyphosate 1 L/ha, Trifluralin + chlorsulfuron 
(1 L/ha +15 g/ha); Wheat 60 kg/ha; seed cart 
Glyphosate 1 L/ha; trifluralin + metribuzin (1 L/ha + 
140 g/ha) Barley 60 kg/ha; 
3a Tickle, glyphosate 1 L/ha; Field peas 100 kg/ha, 
conventional sown; 300 g/ha metribuzin pspe; 
green manure (plough + 1 L/ha glyphosate) 
Glyphosate 1 L/ha; Trifluralin + chlorsulfuron (1 L/ha 
+15 g/ha); Wheat 120 kg/ha 
3b Tickle, glyphosate 1 L/ha; Field peas 100 kg/ha, 
conventional sown; 300 g/ha metribuzin pspe; crop 
top 
Glyphosate 1 L/ha; Trifluralin + chlorsulfuron (1 L/ha 
+ 15 g/ha); Wheat 120 kg/ha 
4a Glyphosate 1 L/ha; 300 g/ha metribuzin IBS; Field 
peas 100 kg/ha, no-till sown; Brown manure (mow 
+ 1 L/ha glyphosate) 
Glyphosate 1 L/ha; Trifluralin + chlorsulfuron (1 L/ha 
+15 g/ha); Wheat 120 kg/ha (no-till) 
4b Glyphosate 1 L/ha; 300 g/ha metribuzin IBS; Field 
peas 100 kg/ha, no-till sown; Crop top 
Glyphosate 1 L/ha; Trifluralin + chlorsulfuron (1 L/ha 
+ 15 g/ha); Wheat 120 kg/ha (No till) 
5a Tickle, glyphosate 1 L/ha, Wheat 120 kg/ha, 
Trifluralin + chlorsulfuron (1 L/ha +15 g/ha); hay, 
glyphosate 1 L/ha 
Glyphosate 1 L/ha; trifluralin + metribuzin (1 L/ha + 
140 g/ha), Barley 120 kg/ha; seed caught 
5b Tickle; glyphosate 1 L/ha; Trifluralin + chlorsulfuron 
(1 L/ha +15 g/ha); Wheat 120 kg/ha; seed cart 
Glyphosate 1 L/ha; trifluralin + metribuzin (1 L/ha + 
140 g/ha), Barley 120 kg/ha 
As a result of paddock history the western end of the paddock has a 40% lower ryegrass density than 
the eastern end, at the commencement of the trial.  The treatments are replicated (twice) to evaluate 
each starting density.  The treatments are paired as:  a) high intensity management; and b) district 
practice. 
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RESULTS 
Table 2. Results for treatments with high starting weed density.  Over two years 1999 and 2000 
# Plot 
Ryegrass 
density1 
Ryegrass 
seedheads2 
Yield 
kg/ha 
Ryegrass 
density1 
Ryegrass 
seedheads2 
Yield 
kg/ha 
1a 1E   - 180 72 - 
1b 1W 289 - - 10 3 723 (W) 
2a 2E   Hay 30 37 817 (B) 
2b 2W 240 248 1060 (W) 140 62 733(B) 
3a 3E   GM 40 10 1363 (W) 
3b 3W 865 413 288 (F) 50 0 699 (W) 
4a 4E   BM 30 0 496 (W) 
4b 4W 337 296 479 (F) 60 0 582 (W) 
5a 5E   Hay 20 27 959 (B) 
5b 5W 171 138 1464 (W) 80 30 823 (B) 
1  Post seeding ryegrass density plants/m2;  2  Spring ryegrass seedhead counts/m2. 
F  -  fieldpeas; W  -  wheat; B  -  barley; GM  -  green manure; BM  -  brown manure. 
The extremely high weed densities in plots in 1999 were a result of a large soil seedbank, seasonal 
conditions and management choices.  Plots other than the no-till peas (Treatment 4) were all autumn 
tickled.  This buried weed seed and placed it in a better position for germination.  Due to expected 
heavy rain the crop was sown prior to weed germination therefore resulting in little pre-seeding control.  
The added effect of the full cut in resulted in weeds emerging before and with the crop.  The 
‘conventional’ fieldpea plots had 2.3-2.5 times more ryegrass plants in crop than the ‘no-till’ plots. 
Due to a very late break cereal crops were not sown until 7 July).  The season finished early with the 
last significant rainfall event (9 mm) being received on 5 September.  This dry finish has impacted not 
only the crop yields but also on the ryegrass seed head production. 
It should be noted that the pasture plots are not grazed.  It is expected that grazing would increase the 
levels of control observed in the pasture phases. 
CONCLUSIONS 
At this stage of the trial it is obvious that treatments that prevent seed set have a positive impact on 
the following season’s crop. 
The most effective treatments used in 1999 were the cutting of wheat for hay and the use of green or 
brown manuring in field peas.  These treatments all aim to prevent seed set.  Weed densities in barley 
plots were 50 to 75% lower in plots that were cut for hay as compared to those plots where wheat was 
harvested and seed was caught. 
Weed densities where field peas were green or brown manured in 1999 were 25-50% lower than plots 
where the field peas were crop-topped and harvested.  There was a decline of between 90-95% in in-
crop weed numbers on green and brown manured plots when the 2000 counts were compared to the 
1999 counts.  Wheat yields on green manured plots were significantly higher than other wheat yields. 
The number of ryegrass seed heads produced was 50% lower in the high seeding rate wheat plots 
(120 kg/ha) as compared to the low seeding rate plots (60 kg/ha) in 1999.  
While the results presented here are only for the high initial starting density plots, the relationships 
between treatment, yield and ryegrass densities are proportionally consistent with the low initial 
starting density results. 
GRDC Project No.: DAW 587 
Paper reviewed by: Alex Wallace 
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Short term pasture phases for weed control 
Clinton Revell and Candy Hudson, Agriculture Western Australia, Northam 
KEY MESSAGE 
• Legume pastures such as Cadiz serradella can make a substantial contribution to cereal 
productivity through impacts on weed control and nitrogen supply. 
• Soil disturbance in the pasture phase appears to be important to stimulate ryegrass germination 
and reduce the carryover of dormant seed to the cropping phase. 
• Hay-freezing and green manuring are effective weed control strategies. 
BACKGROUND 
‘Phase’ pasture is the term now used to describe a short period of pasture (1-4 years) that is 
incorporated into a farming system to break up extended periods of cropping.  This change to the 
farming system has a number of advantages.  It can restore soil fertility (organic matter and soil 
nitrogen) that may have declined due to frequent cropping and it can provide an opportunity to control 
herbicide resistant weeds when combined with the use of grazing management, non-selective 
herbicides and cultural management practices (such as green manuring).  Continual re-sowing is a 
feature of phase pastures but new pasture legume cultivars such as Cadiz  serradella have been 
developed for use in such systems.  Cadiz is very soft seeded and can be easily harvested with 
conventional cereal harvesting machinery.  The objective of this research is to develop strategies for 
the use of short pasture phases to help control of herbicide resistant ryegrass. 
METHODS 
A long-term rotation experiment was established near Cunderdin in 1998 on pale loamy sand pH 
(CaCl2) 5.3.  Ten main treatments based on Cadiz serradella pasture have been established and 
include a range of weed control strategies such as non-selective herbicide treatments applied during 
winter or spring and grazing by sheep.  Pasture phases range from one to three years followed by a 
wheat crop and treatments are replicated four times.  In the final year of pasture, the rotational blocks 
are split into four pasture management treatments to maximise seed-set control of grass weeds.  
These sub-plots include an untreated control, green manuring with cultivation, hay-freezing using 
glyphosate and mowing (pasture-topping).  In the wheat phase measurements of in-crop weed 
densities and grain production and quality are determined. 
This paper reports crop performance after a one-year pasture phase in 1998.  The pasture was either 
a natural regenerating grass/capeweed pasture or was sown to Cadiz serradella at 20 kg/ha.  
Pastures were moderately grazed in late winter and spring management treatments were imposed in 
October (plot size 2 m x 35 m).  Westonia wheat (80 kg/ha) was sown with a 12-run combine in 1999 
after a knockdown herbicide.  No in-crop herbicides were used.  Four rates of nitrogen (applied as 
Urea) were applied soon after wheat emergence in sub-plots measuring 2 m x 3 m.  Ryegrass 
densities were measured in-crop and grain yield assessments were based on hand harvests. 
RESULTS AND DISCUSSION 
Pasture management decisions, even in a single year of pasture, can have a substantial influence on 
the productivity of subsequent crops.  Differences in the size of ryegrass populations emerged in the 
pasture phase, with 75 plants/m2 present in natural regenerating pastures compared with 200 
plants/m2 in sown Cadiz pastures.  The difference occurred despite the use of a knockdown herbicide 
prior to sowing.  The higher grass numbers in Cadiz pastures is presumably a response to soil 
disturbance when pastures are sown and the effects flow through to subsequent phases of the 
rotation.  Final dry matter (total) was about 1.1 t/ha for natural pasture and 2.5 t/ha for sown Cadiz 
pastures (45% legume). 
Without seed set control, densities of in-crop ryegrass were higher after Cadiz pastures (Table 1) due 
to higher ryegrass seed set.  However, densities were substantially lower after Cadiz pastures in all 
seed-set control treatments.  We believe this can be attributed to the stimulation of ryegrass 
germination in the sown pastures allowing greater efficacy of the spring seed-set control treatments.  It 
appears that in the no-legume phase (with minimal soil disturbance), a high proportion of ryegrass 
seed can remain dormant and be carried over into the subsequent cropping phase.  The productivity 
of ryegrass under a wheat crop is related to ryegrass plant density but is strongly influenced by 
nitrogen supply.  Even at relatively low densities of ryegrass, as in green manured and hay-freeze 
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treatments, ryegrass biomass can still be substantial if nitrogen is readily available either through 
inorganic or organic sources (such as green manured Cadiz).  However, the importance of low 
ryegrass densities cannot be underestimated in terms of reducing early competition with the cereal. 
Wheat grain yields and protein were considerably higher after Cadiz pasture in all spring seed-set 
control treatments, with yields increasing by as much as 50% at low N levels.  Increasing nitrogen 
supply generally compensated grain yields for previous pasture history (except at the highest ryegrass 
densities) but had less impact on grain protein.  Clearly legume nitrogen is an important consideration 
for achieving high protein.  The availability of organic nitrogen appears to occur earlier after green 
manuring but this did not necessarily translate into better crop performance, presumably because any 
ryegrass present also benefited from the high N status and became more competitive.  Highest grain 
yields were achieved after hay-freezing pastures.  The productivity of wheat after mowing treatments 
was intermediate between untreated and chemical seed-set control treatments. 
Table 1. Density and productivity of in-crop ryegrass together with grain yield and protein of Westonia 
wheat grown (1999) after a range of pasture management treatments and with four rates of 
nitrogen applied as Urea 
N Rate 
(kg N/ha) 
In-crop ryegrass 
density (plants/m2) 
In-crop ryegrass 
anthesis DM (t/ha) 
Grain yield (t/ha) Protein (%) 
Pasture 
history 
Cadiz 
Natural 
pasture 
Cadiz 
Natural 
pasture 
Cadiz 
Natural 
pasture 
Cadiz 
Natural 
pasture 
Untreated control 
0 1925 1075 0.75 0.60 2.03 1.50 9.5 8.6 
25   0.75 0.85 2.21 2.11 9.0 8.0 
50   1.75 1.42 3.07 2.94 9.6 8.6 
75   1.77 1.46 4.00 2.69 9.5 9.4 
Green manure (disc) 
0 163 563 0.39 0.66 2.97 2.03 9.4 8.7 
25   0.73 0.52 3.84 3.00 10.1 8.7 
50   0.33 1.24 4.33 3.47 10.2 9.1 
75   0.52 0.78 4.27 3.86 11.2 9.4 
Hay-freeze (brown manure) 
0 150 488 0.17 0.46 4.14 1.96 9.6 9.2 
25   0.11 0.35 3.77 2.43 9.5 9.1 
50   0.35 0.48 5.11 3.34 9.6 9.1 
75   0.52 0.71 4.63 4.56 10.1 8.4 
Mow (pasture topping) 
0 238 488 0.36 0.35 2.93 2.71 8.9 8.3 
25   0.79 0.46 4.00 3.30 9.4 8.4 
50   0.57 0.21 4.34 3.43 10.0 8.6 
75   0.81 0.80 4.41 3.94 9.9 8.4 
CONCLUSIONS 
Legume pastures such as Cadiz serradella can make a substantial contribution to cereal productivity 
through impacts on weed control and nitrogen supply.  Soil disturbance in the pasture phase appears 
to be important to stimulate ryegrass germination and reduce the carryover of dormant seed to the 
cropping phase.  One year of pasture may be insufficient to completely eradicate the ryegrass seed 
bank, but if longer pasture phases are required, the combination of soil disturbance and seed-set 
control in each year of pasture would seem highly desirable.  Research into the impact of longer 
pasture phases is continuing as part of this project. 
KEYWORDS 
pasture, serradella, ryegrass, herbicide-resistance, wheat 
We acknowledge R. & J. Rogers for the use of farmland to conduct the rotation experiment. 
GRDC Project No.: DAW 557 
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Competitiveness of wild radish in a wheat  -  lupin 
rotation 
Abul Hashem, Nerys Wilkins, and Terry Piper, Agriculture Western Australia 
KEY MESSAGE 
• Wild radish is highly competitive to wheat and lupins.  
• Presence of 10-75 radish plants/m2 at the reproductive stage of crops can reduce wheat yield 
by 7-56% and lupin yield by 28-92%.  
• Competition from radish not only reduces yield but also increases wheat screening.  
BACKGROUND 
Wild radish is one of the most competitive weeds in cereal, legumes, and oilseed crops in WA.  The 
extent of yield loss in crops due to competition from radish has not yet been quantified.  
AIM 
The aim of this study was to quantify the yield loss in crops due to competition from radish.   
Additional aspects of this study are reported in this proceeding in the paper titled:  Population 
explosion and persistence of wild radish in a wheat/lupin rotation. 
METHODS 
Wheat-lupin-wheat-lupin rotation trial in Merredin (1997-2000) 
In 1997 wheat of this rotation, autumn tickling, wheat seed rates, and low and high level of herbicides 
from various groups, were combined to achieve eight treatments including an untreated control and a 
treatment for total prevention of radish seed production.  
For more details on the experimental procedure see the paper titled Population explosion and 
persistence of wild radish in a wheat/lupin rotation also included in this proceedings. 
Radish plant density at reproductive stage of wheat or lupins, yields of wheat and lupin, and screening 
of wheat, were recorded in all treatments in each year.  Losses in yields were estimated separately for 
wheat (1997 and 1999) and lupin (1998 and 2000) by regression analyses. 
RESULTS 
Competition between radish and crops in Merredin 
Wheat yield loss 
Competition from radish greatly reduced yields of wheat and lupin in Merredin.  Linear regression on 
the effect of radish density on the yield of wheat in 1997 and 1999 predicted that the presence of 10, 
25, 50 and 75 radish plants/m2 at reproductive stage of wheat, reduced wheat yield by 7, 20, 37 and 
56% respectively.  These yield losses occurred when compared to an expected maximum yield of 
3010 kg/ha in a wheat crop free of radish at the reproductive stage (Figure 1A).  
Wheat screenings 
Competition from radish not only reduced wheat yield but also increased wheat screenings.  Presence 
of 5, 10, 25, 50, and 75 radish plants/m2 at the reproductive stage of wheat, increased wheat 
screening to 3.7, 4.1, 5.3, 7.4, and 9.5% respectively as compared to the 3.2% screening in a wheat 
crop free of radish at the reproductive stage (Figure 1B). 
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Figure 1. Regression equation predicting the effect of radish density on (A) wheat yield and (B) wheat 
screenings in a wheat-lupin rotation, Merredin. 
Lupin yield loss 
Presence of 10, 25, 50 and 75 radish plants/m2 at the reproductive stage of lupins reduced lupin yield 
by 28, 56, 81, and 92% respectively.  This is compared to the 541 kg/ha produced in a lupin crop with 
no radish at reproductive stage (Figure 2).   
The yield loss data of wheat and lupin clearly established that radish is highly competitive to crops and 
it is more competitive to lupin than wheat.  
Figure 2. Regression equation predicting the effect of radish density on the yield of lupin in 1998 and 
2000 in a wheat-lupin rotation in Merredin 
CONCLUSIONS 
Yield loss due to competition from radish is much higher in lupins than in wheat.  Competition from 
radish increases percentage of wheat screening.  
ACKNOWLEDGEMENTS 
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Population explosion and persistence of wild radish 
in a wheat-lupin rotation 
Abul Hashem, Nerys Wilkins, Aik Cheam and Terry Piper, Agriculture Western 
Australia 
KEY MESSAGE 
• Five successive applications of Group B herbicides in a 3-year period can significantly build up 
the number of resistant radish plants/m2 in wheat-lupin-wheat rotation.  
• In contrast, rotation of triazine in lupins and the use of a Group B followed by a phenoxy 
application in wheat in a wheat-lupin-wheat rotation provides up to 100% control of radish.  This 
was also observed when a triazine application was used in TT canola and Group B followed by 
a phenoxy in wheat phases of a wheat-TT canola-wheat rotation. 
• In the absence of fresh seed production, at least 3% seeds of the original seed bank of radish 
can persist for up to 4 years. 
BACKGROUND 
Radish has evolved resistance to Group B, C and F herbicides in WA.  Herbicide use history in many 
resistant populations in WA has revealed that this species evolves resistance to Group B herbicides 
after only 4-5 persistent applications.  It has not been experimentally demonstrated in WA situations as 
to how many applications are required to build up a population of a resistant biotype in a radish 
population with a known initial low level of Group B resistance.   
Radish is thought to be persistent in the cropping system although information as to how long a radish 
population can persist in a viable condition, in the absence of seed production is scarce for WA 
cropping situations.  
AIMS 
The aims of this study were to: 
1) quantify the yield loss in crops due to competition from radish (reported in paper included in this 
proceedings, Competitiveness of wild radish in a wheat/lupin rotation); 
2) monitor how population of a resistant biotype builds up under persistent selection pressure; and 
3) examine the persistence of radish under various management systems in a wheat/lupin rotation. 
METHODS 
Wheat-lupin-wheat-lupin rotation trial in Merredin (1997-2000) 
In 1997 wheat of this rotation, autumn tickling, wheat seed rates, and low and high level of herbicides 
from various groups, were combined to achieve eight treatments including the following four: 
(a) Untreated control. 
(b) Treatment with high seed rate of wheat + 2,4-D ester as crop topping. 
(c) Treatment with standard seed rate of wheat + Jaguar® or 2,4-D amine; and 
(d) Total prevention of radish seed production. 
About 350 pods fragments/m2 of a known Group B-susceptible population of wild radish were 
introduced in 1997 before autumn tickling and seeding wheat.  
The herbicides used in wheat were rotated with herbicides of different modes of action in subsequent 
crops:  lupin (1998), wheat (1999), and lupins (2000).  In the 1998 and 2000 lupin crops, simazine 
2.0 L/ha was used uniformly in all plots at pre-seeding (PS).  Metribuzin and Brodal® were sprayed at 
post-emergence (PO) only in the lupin plots where total prevention of radish seed production was 
planned (Treatment D).   
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Radish plant emergence before and after crop seeding, radish density at reproductive stage of wheat, 
yields of wheat and lupin, and screening of wheat, were recorded in all treatments in each year.   
Trial in Avondale (1998-2000) 
Two rotations:  wheat-lupin-wheat (designated as CP) and wheat-TT canola-wheat (designated as AP) 
were initiated with wheat in 1998.  The following treatments were among the 5 treatments investigated 
in each rotation.  
1. CP-M1:wheat (2 ALS)-lupin (1 PSII, 1 ALS)-wheat (2 ALS). 
2. CP-M2:wheat (1 ALS, 1 phenoxy)-lupin (1 PS II)-wheat (1 ALS, 1 phenoxy). 
3. AP-M1:wheat (2 ALS)- TT canola (2 PSII)-wheat (2 ALS). 
4. AP-M2:wheat (1 ALS, 1 phenoxy)-lupin (2 PSII)-wheat (1 ALS, 1 phenoxy). 
The plots of control treatments (CP-M1 and AP-M1) in both the rotations were treated with 2 
applications of Group B herbicides in wheat.  In CP-M1, lupin received 1 application of Group B.  Thus, 
the control treatment in the CP rotation received 5 applications of Group B and that in the AP rotation 
received 4 applications of Group B herbicides in the 3-year period.  Emergence after crop seeding and 
survival of radish at reproductive stage of wheat or lupin were recorded in each treatment in each 
year. 
RESULTS 
Effect of selection pressure on resistant radish population dynamics 
The population of the resistant biotype in the wheat/lupin/wheat rotation, infested with a radish 
population with 1.3% resistance to Group B, built up to 5 plants/m2 in the 2nd year after 3 applications 
of Group B herbicides.  This had exploded to 29 plants/m2 in the 3rd year after 5 applications of Group 
B had been applied (Figure 1).  This occurred even though simazine was applied once at pre-seeding 
in the lupin crop (1999) in this rotation.   
This explosion of the resistant biotype population did not occur when 1 application of Group B 
herbicide was followed by 1 application of phenoxy in the same wheat crop, regardless of crop rotation 
(Figure 1).  
In the wheat/lupin/wheat rotation, 1 application of Group B followed by 1 application of phenoxy in the 
same wheat crop and 1 application of simazine in lupin resulted in total control of radish.  In the 
wheat-TT canola-wheat rotation, 1 application of Group B herbicide followed by 1 application of 
phenoxy in the same wheat crop and 2 applications of triazines in TT canola also resulted in total 
control of radish by 2000.  However, 2 applications of only Group B herbicides in the same wheat crop 
rotated by 2 applications of triazines in TT canola appear to build up resistant biotype population to 3 
plants/m2 in wheat-TT canola-wheat rotation in 2000 (Figure 1).  
These results clearly suggest that rotation of Group B herbicides with other herbicides with a different 
mode of action is essential to delay build up of a resistant population of radish.  
Figure 1. Effect of different herbicide management systems in two rotations (wheat/lupin/wheat and 
wheat/TT canola/wheat), on the dynamics of a Group B-resistant radish population in a 3- year 
period from 1998 in Avondale. 
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Persistence of radish in a wheat-lupin rotation 
Total emergence (pre- and post-seeding of wheat) of radish plants in 1997 varied from 186 to 225 
plants/m2 in 1997 wheat.  Although radish emergence was greater in treatments with autumn tickling 
than no tickling, on average 60% of the initial radish seed bank emerged in 1997 (Figure 2).   
The emergence of radish in the 1998 season in treatments B, C and D was reduced by 82-95% as 
compared to untreated control (Treatment A) because of good control of radish in 1997 wheat 
(Figure 2).  In spite of effective control of radish in 1997 and 1998 in treatments B, C and D, its 
emergence in 1999 went up to 57-89 plants/m2. 
In the absence of any seed production of radish (Treatment D), about 5% of the original seed bank of 
350 pod fragments/m2 emerged in 1998, 16% in 1999 and 3% in 2000 (Figure 2).  These results 
indicate that at least 3% of viable seeds in the original seed bank can persist in the soil under 
continuous cropping systems for up to 4 years.  The remaining seeds may still be viable, may have 
partly decayed or been predated.   
Figure 2. Effect of different management systems on the persistence of wild radish in a wheat-lupin 
rotation, 1997 to 2000 in Merredin. 
AT, autumn tickle; SSR, 60 kg/ha seed rate; HSR, 120 kg/ha seed rate; 2,4-DE, 2,4-D ester; 2,4-DA, 2,4-D amine. 
CONCLUSION 
Viable seeds of radish can persist in soil for at least 4 years in absence fresh input of radish seed.  
Rotation of Group B herbicides with herbicides with different modes of action is essential to control 
radish and delay build up of resistant population of radish.  
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Variation in seed dormancy and management of 
annual ryegrass 
Amanda Ellery and Ross Chapman, CSIRO Centre for Mediterranean Agricultural 
Research 
KEY MESSAGE 
Seed dormancy biology in annual ryegrass can vary substantially between sites and between years.  
This variation will interact with rainfall patterns to affect weed emergence patterns and seed bank 
longevity.  These factors should be considered when interpreting predictions from simulation models 
and selecting integrated weed management strategies. 
AIM 
To quantify the diversity of seed dormancy biology in annual ryegrass seeds produced at different 
locations and in different growing seasons. 
METHODS 
Location effects 
To obtain some information on the extent of variation in seed dormancy caused by location, ryegrass 
seeds were collected from Geraldton, Mullewa, Merredin, Northam and Wongan Hills during spring 
and early summer 1999.  Seeds were buried just beneath the soil surface at a single site in Perth, and 
dormancy was studied during summer and autumn.  Seeds were retrieved from burial every 6 weeks 
and germinated at 20C. 
Growing season environment effects 
The impact of growing season environment was investigated in seeds from the Northam site.  Seeds 
were collected during spring in 1998 and 1999. Patterns of dormancy release were quantified during 
summer and autumn of 1998/1999 and 1999/2000.  Seeds were incubated at 40C, the average daily 
soil surface temperature during summer, and germination was tested fortnightly at 25/17C. 
RESULTS AND DISCUSSION 
Location effects 
Initial dormancy and dormancy relief patterns varied markedly among the 5 seed populations 
(Figure 1).  Seeds collected from the northern wheat belt were less dormant than those from Wongan 
Hills, Northam and Merredin.  These 2 populations also achieved the highest levels of germinability by 
May, with only 25-30% of seeds expected to remain dormant in the seed bank.  At the other 3 sites 
final dormancy ranged from 13% at Wongan Hills to 45% at Merredin, thus as much as 87% of the 
seed produced at Wongan Hills can be expected to remain in the seed bank to germinate in future 
years.  A much longer-term weed control program would need to be employed in this situation, as the 
seed bank may persist for many years.  A strategy aimed at increasing weed seed mortality in the soil 
would also be of greater benefit for a long-lived seed bank than for less persistent seed banks such as 
those that might occur at Geraldton or Mullewa. 
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Growing season effects 
Seeds collected from the Northam site in 2 consecutive years showed considerable differences in the 
pattern of dormancy relief as well as the initial level of dormancy (Figure 2).  Seeds produced in 1998 
were initially about 20% germinable but dormancy relief did not begin until very late in summer and 
lasted only 2 weeks.  More than half of the seeds remained dormant and could be expected to remain 
in the seed bank.  The late relief of dormancy means that 1998 seeds would not germinate readily 
during an early false break and provided the true break of season occurred in March or later, 
germination could be expected to be quite uniform.  
In contrast, seeds produced in 1999 were more dormant initially but dormancy relief was initiated 
almost as soon as seeds were shed from the plant.  The period of dormancy relief was also more 
prolonged in these seeds.  The earlier relief of dormancy means that some germination is likely to 
occur during false breaks, removing seeds from the seed bank.  However the prolonged period of 
dormancy relief may mean a more staggered pattern of germination after the true break of season.  
Input to the persistent seed bank 1999/2000 was only 40% compared with 55% in 1998/1999, 
however both these figures are greater than the generally accepted figure of around 20%.  
CONCLUSION 
Inputs of annual ryegrass seeds to persistent seed banks may vary from year to year and may exceed 
expectations considerably.  Seasonal variation in dormancy relief pattern may interact with the rainfall 
pattern early in the growing season to modify weed seedling emergence and this will affect the ease or 
difficulty of weed control for that year.  Since a single year of poor weed control can result in a 
‘blowout’ of weed seed numbers, it will be important to account for local and seasonal variation in 
dormancy biology when interpreting predictions from models and selecting integrated weed 
management strategies. 
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Figure 1. Seasonal changes in germinability 
of annual ryegrass seeds collected from 5 
locations. Germination temperature was 
20oC.
Figure 2. Seasonal changes in germinability 
of annual ryegrass seeds collected from 
Northam in 1998 and 1999.
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Can we eradicate barley grass? 
Sally Peltzer, Agriculture Western Australia 
AIMS 
By studying the decline of annual weed seeds from seedbanks, we can begin to understand how fast 
they deplete in the absence of weed seed input and which factors increase the rate of their decline. 
From here we can devise managemental strategies to control them.  Trials were established to 
investigate the persistence of barley grass in heavy and light soils.  These trials also compared the 
effect of cultivation with no cultivation on rate of seedbank decline.  
MATERIALS AND METHODS 
Two field experiments were conducted in former pasture fields, at Katanning (Great Southern 
Agricultural Research Station) in 1999 and 2000 on a sandy soil and at Beverley (Avondale Research 
Station) in 1998 and 1999 on a heavy red clay soil.  Both sites had similar annual rainfalls of 482 and 
421 mm respectively.  Each site had 2 treatments (Till (4 passes of the cone seeder, two weeks after 
the season break) and No-till) with four replicates and 2 separate controls.  Sixteen cores were taken 
from each plot prior to break of season and sorted for initial seed numbers.  After the season break, 
the number of germinated and emerged barley grass were counted approximately every 6 weeks then 
sprayed with SpraySeed to kill each cohort. 
RESULTS 
At Beverley, over 99% of the barley grass seedlings emerged from soil within 2 months of the break of 
the first season, irrespective of cultivation treatment (1998) (p < 0.05; Figures 1 and 2).  Only 7 
seedlings/m2 emerged in following season (1999) and these also emerged in the first two months from 
the break.  The pattern of emergence of barley grass at Katanning was almost identical at Beverley 
despite being located on a much lighter soil and beginning a year later.  By comparison, annual 
ryegrass persisted in the soil at one trial site for several years, the seedbank declining at a rate of 70 
to 80% per annum (Figure 2, including meaned results from a trial located at Katanning and designed 
to study the rate of seedbank decline of annual ryegrass). 
Figure 1. The effect of cultivation (Till) and no cultivation (No-Till) on the emergence of barley grass 
from soil at Beverley in 1998 and 1999. 
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Figure 2. The emergence of barley grass (Beverley) and annual ryegrass (Katanning) from soil in 1998, 
1999 and 2000. 
Cultivation decreased the emergence of barley grass (p < 0.05; Figure 1) but did not alter the 
germination pattern.  The cultivation operation occurred within 2 weeks from the break of the season 
allowing for some seeds to have already germinated by the time cultivation took place.  Tilling the soil 
killed a percentage of these seeds before they could emerge from soil and so be counted.  Tilling the 
soil however did not alter the pattern of emergence (with most of the seedlings emerging in the first 
year).  Cultivation had a similar effect on barley grass emergence at both Beverley and Katanning. 
CONCLUSION 
Barley grass does not persist in the soil and possesses little or no dormancy.  If barley grass seedlings 
are controlled early in the season and are not allowed to set seed then near eradication is possible. 
KEYWORDS 
barley grass, seedbank, control 
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Where to with RIM? 
Vanessa Stewart1 and Robert Barrett-Lennard2 
1Agriculture Western Australia 
2Western Australian Herbicide Resistance Initiative (WAHRI) 
KEY MESSAGE 
• Workshops available for farmer groups. 
• An updated version of Ryegrass RIM will be available from mid-2001. 
BACKGROUND 
In 1999 the Ryegrass Integrated Management (RIM) model was released.  RIM is a spreadsheet tool.  
It is designed to assist in the assessment of the biological and economic benefits of different annual 
ryegrass management strategies. 
RIM enables the user to set a rotation from a choice of volunteer pasture, regenerating clover, Cadiz 
serradella, wheat, barley, canola and lupins, for a ten-year period.  Ryegrass plant and seed numbers 
can be tracked over the ten-year period as different management strategies are set in place.  The user 
selects individual control options, from the 35 available; to create the management strategies 
investigated.  Results presented include annual gross margins, average annual return over the 
ten-year period, ryegrass seed and plant numbers.   
The model has been received enthusiastically by both agribusiness and farmers in Western Australia.  
Considerable feedback has been received on the usefulness of the tool.  Suggestions have also been 
made for change.  This paper outlines future development proposals for RIM. 
DEVELOPMENTS 
Name change 
The acronym RIM has formerly stood for Ryegrass Integrated Management.  While the acronym is 
remaining the same it now abbreviates Resistance Integrated Management.  The reason for this 
change is that there are now three versions of RIM.  The original version of RIM looking at ryegrass is 
currently being updated.  This version will be known as Ryegrass RIM.  The additional two versions of 
RIM are being developed as components of PhD research, conducted by Marta Monjardino (WAHRI).  
These versions are Radish RIM and Multi-species RIM.   
Radish RIM and Multi-species RIM 
Radish RIM is similar in context to Ryegrass RIM.  It has been designed to look at the management of 
wild radish in broadacre, Western Australian farming systems.  Like Ryegrass RIM, this model only 
focuses on the impact of the one weed species and assumes that all other species are adequately 
controlled.  
Multi-species RIM is designed to investigate the biological and economic benefits of management 
options in a system where there is both ryegrass and wild radish.  The biological interactions within 
this model are complex and capture the competitive interactions between all species. 
At this stage these models are still being developed.  Details of their wider availability are yet to be 
determined. 
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UPDATE OF RYEGRASS RIM  
Currently Ryegrass RIM version RIM99j.xls is being updated.  The updated version should become 
available mid 2001.  There are a number of key changes being incorporated into the model.  These 
include: 
• increased herbicide options in pasture phases; 
• separate autumn tickle from delayed sowing to enable delayed sowing without tickle; 
• incorporate additional germination curves to represent germination patterns of with and without 
an autumn tickle; 
• allow tickle and non-grazing of pasture enterprises; 
• addition of lucerne as a rotation/enterprise option; 
• review and update of price information; 
• review and update of efficacy values. 
Other changes under consideration include the incorporation of an oat enterprise for either grain or 
hay.  Additional non-chemical control options are also being reviewed for inclusion.  These include 
cultivation, brown manuring (in addition to green manuring already available) and cycloning. 
RYEGRASS RIM WORKSHOPS 
RIM is a valuable tool in increasing the understanding of the benefits of integrated weed management.  
In the past 18 months workshops have been delivered to farmer groups throughout WA.  The 
workshops review current and past research and farmer experience with individual control options. 
RIM has been used in these workshops to highlight how different management options can be 
integrated into existing farming systems and also to review management options when growers are 
faced with varied herbicide resistance scenarios. 
Both WAHRI and Agriculture Western Australia believe that RIM is an important tool for increasing the 
understanding of IWM while providing a useful framework for investigating the economics and biology 
of such systems.  Both organisations are committed to the delivery of RIM to as many farmer groups 
as possible.  To achieve this they would like to collaborate with group convenors to enable delivery to 
interested groups. 
Vanessa Stewart and Robert Barrett-Lennard are available to deliver integrated weed management 
and Ryegrass RIM workshops.  If you are interested in capitalising on this opportunity please contact 
them. 
Robert Barrett-Lennard, WAHRI 
(08) 9380 7870 
rbrtlnrd@cyllene.uwa.edu.au 
Vanessa Stewart, Agriculture Western Australia, Merredin 
(08) 9081 3111 
vstewart@agric.wa.gov.au 
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Multi-species RIM model 
Marta Monjardino1,2, David Pannell2 and Stephen Powles1 
1WAHRI 
2ARE, University of Western Australia 
KEY MESSAGE 
A new model  -  Multi-species RIM is nearing completion.  Initial results indicate that the model will be 
a very valuable tool for evaluating long-term strategies used to manage wild radish and annual 
ryegrass infesting the same farming system. 
BACKGROUND 
Recent field surveys conducted throughout the wheatbelt of WA indicated that about 70% of ryegrass 
and 20% of radish populations surveyed showed some level of herbicide resistance.  The situation is 
now such that farmers no longer can rely solely on herbicides for effective weed control.  Hence there 
is a need to combine a range of chemical and non-chemical methods to control these species. 
A multi-species version of the bio-economic Resistance and Integrated Management (RIM) model has 
been developed.  This model enables the user to investigate the economic and biological impacts of 
integrated management strategies that target annual ryegrass and wild radish in the same system.  
The model includes 4 crop and 3 pasture based enterprises.  The user selects a rotation over a 10- or 
20-year period and then designs management strategies that include any of the 50 chemical or 
non-chemical control methods available. 
This paper reports on results generated by the model for a study investigating the value of a 
hypothetical transgenic crop in the system.  
METHOD 
The value of a new transgenic crop (Ct) resistant to a herbicide ‘X’ was investigated for two cropping 
scenarios over 20 years, as shown in Table 1 using the Multi-species RIM model. 
In the case where the hypothetical transgenic crop was used (scenario 1), the modifications to the 
model involved the following: 
a) Adding herbicide ‘X’ for use as both a post-emergent and crop topping herbicide.  Associated 
costs, rates (1 L ha-1) and efficacies (assumed here to give 95 per cent reduction of both 
ryegrass and wild radish plant/seed numbers) were also included. 
b) Adding a flat $50 per hectare technology fee to the standard crop seed price. 
A number of constraints were set: 
1) A maximum of five applications was allowed for herbicides of high resistance risk (Groups A, B 
and C). 
2) A maximum of 10 applications for herbicides of moderate resistance risk (Groups D, F and G). 
3) A maximum of 15 applications for herbicides of low resistance risk (Groups I, L and M), to which 
herbicide ‘X’ belongs. 
4) Initial weed seed densities for both scenarios were set to 1000 ryegrass seeds m-2 and 500 wild 
radish seeds m-2. 
Sensitivity analysis was conducted within Scenario 1 (transgenic crop).  It was expected that the 
transgenic crop would perform better than the conventional form of the crop (out yield).  Due to the 
lack of information on the new crop different levels of yield advantage were investigated – 0, + 5, +10 
and + 20% over the conventional crop form. 
For both crop scenarios (conventional and transgenic), the most profitable combination of several 
chemical and non-chemical methods was identified through a process of ‘trial and error’.  Valid results 
were selected by imposing a constraint that disallowed results from strategies where the number of 
seed in the final year exceeded those in the soil at the beginning of year 1.  To prevent this, additional 
practices such as delayed sowing were utilised in later years of the analysis. 
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RESULTS AND DISCUSSION 
The results presented in Table 1 show that in scenario 1 (Ct) the reliance on selective herbicides is 
lower than in scenario 2 (C).  In the former, 20 applications of selective herbicides were required (zero 
of Group A), whereas in the latter, 2 extra shots of a Group A and one of a Group D herbicide proved 
economic.  This is an indication that if a new transgenic crop was to be introduced in the system, a 
reduction in the use of selective herbicides could be expected.  This could result in a significant 
increase in overall profitability (the values generated in scenario 1 were between $25-$56 per hectare 
more than scenario 2).  
The benefits of the new transgenic crop result from two aspects:  1) lower weed densities; and  
2) higher direct profitability of this type of crop.  The higher profitability of the transgenic crop resulted 
from both the fact that cheaper herbicide/control options could be used and also the yield advantage 
($25 per hectare is due to better weed management only).  Such results confirm the idea that the 
introduction of transgenic crops could be a useful tool as part of an IWM program, given the extreme 
situation of herbicide resistance in the State.  On the other hand, increased use of herbicide ‘X’ with a 
transgenic crop increases the risk of weeds developing resistance to this herbicide in the long run.  
Table 1. Implications of using a new transgenic crop in the system (Ct) versus the standard crop (C) 
 Scenario 1 Scenario 2 
Rotation Wheat-Ct-Wheat-Lupins Wheat-C-Wheat-Lupins 
Crop genotype Transgenic (Ct) Standard (C) 
Applications of high-risk herbicides 0A; 5B; 5C  2A; 5B; 5C  
Applications of moderate-risk 
herbicides 
4D; 6F; 0G 5D; 6F; 0G 
Applications of low-risk herbicides 9I; 6L; 15M  10I; 8L; 12M 
Total applications of herbicide ‘X’ 15 12 
Profitable non-chemical weed 
control methods 
•  Tickle, delay sowing (5) 
•  High crop seeding rates (20) 
•  Swathing (5) 
•  Seed catching + burning (10) 
•  Windrowing + burning (8) 
•  Tickle, delay sowing (11) 
•  High crop seeding rates (20) 
•  Swathing (6) 
•  Seed catching +burning (6) 
•  Windrowing + burning (13) 
Initial ryegrass seed density 1000 seeds m-2 1000 seeds m-2 
Initial wild radish seed density 500 seeds m-2 500 seeds m-2 
Equivalent annual profit ($ ha-1, 
over 20 years) 
126*, 145*; 149*; 157* 101 
Final ryegrass plant density (m-2) 1*, 1*; 1*; 1* 8 
Final wild radish plant density (m-2) 1*, 1*; 1*; 1* 120 
*  Respectively for 0, 5, 10 and 20% increase in Ct yield/competition factors. 
The number of applications of each control method is shown in brackets. 
Results in Table 1 illustrate that weed numbers were generally kept low in both scenarios.  In the 
standard crop case (Scenario 2) they went up towards the end of the 20-year period (8 and 120 m-2 for 
ryegrass and wild radish, respectively).  This was due to the allocation of herbicides over time. It would 
have been possible to delay usage of a herbicide until the last year, but it wasn’t economic to do so 
because future benefits in later years are not represented.  The results conformed to the constraint 
imposed on the analysis that final seed numbers at the end of the last period could not exceed the 
starting seed numbers for year 1. 
CONCLUSIONS 
The analysis illustrates how the new Multi-species RIM model provides a valuable tool for evaluating 
alternative long-term weed management scenarios in situation which considers crucial biological and 
management interactions of two different weeds infesting the same farming system. 
KEYWORDS 
multi-species model, ryegrass, wild radish, herbicide resistance, IWM, transgenic crop 
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What causes WA grain growers to adopt IWM 
practices? 
Rick Llewellyn, WAHRI/ARE, Faculty of Agriculture, University of WA 
OBJECTIVE 
To identify the key factors influencing adoption of Integrated Weed Management (IWM) practices by 
growers. 
BACKGROUND 
The susceptibility of weeds such as annual ryegrass to herbicides can be considered to be a valuable 
resource given that herbicides are the most cost effective option in weed management and given the 
demonstrated potential for ryegrass to develop resistance to herbicides.  It has been clearly shown 
that if growers wish to conserve this resource they need to incorporate IWM practices in their farming 
systems.  This study examined grower perceptions of IWM practices and herbicide resistance to 
identify what key factors are most important in the decision to adopt IWM practices.   
METHOD 
In depth, face-to-face interviews were conducted with 132 randomly selected grain growers from the 
Dalwallinu and Katanning-Woodanilling shires.  The questionnaire focused on ryegrass and resistance 
to the post-emergent selective herbicides.  Farm factors, grower factors and factors relating to 
perceptions of resistance management were analysed.  Presented here are the factors shown to 
significantly influence the adoption of 3 or more of the following practices:  chaff carts/seed catching, 
crop-topping, double-knock, delayed seeding (by 2 weeks or more), higher seeding rates (> 65 kg/ha). 
RESULTS 
The nine factors shown below were found to be significantly (P < 0.05) associated with the use of 3 or 
more of the practices on a grower’s farm in the 2000 season. 
1. Perceived number of years until the grower expects a new post-emergent, selective herbicide 
will become available (+ve) 
i.e. growers who believe that a replacement herbicide is many years away are more likely to 
adopt. 
2. Uncertainty of when a new herbicide will become available (+ve) 
i.e. growers more uncertain of when a replacement herbicide will become available are more 
likely to be users. 
3. The resistance status of the farm (+ve)  
i.e. those with more resistance are more likely to be users. 
4. The proportion of the farm in crop (+ve)  
i.e. growers with more of their farm in crop are more likely to be users. 
5. Perceived cost-effectiveness of a practice for weed control (+ve influence on adoption)  
i.e. growers perceiving higher cost-effectiveness are more likely to be users. 
6. Perceived ryegrass control provided by a practice (+ve)  
i.e. those who believe the practice will provide higher ryegrass % control are more likely to be 
users. 
7. The amount of information/extension the grower is exposed to (+ve)  
i.e. growers accessing larger amounts of information through advisors, agronomists, farmer 
groups, etc. are more likely to be users. 
8. Education (+ve)  
i.e. growers with higher levels of education are more likely to be users. 
9. Future income discount rate (-ve)  
i.e. growers who do not place a relatively higher value on income received today compared to in 
the future are more likely to be adopters. 
Correct predictions of IWM use:  87% (P < 0.0001). 
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DISCUSSION 
As expected the resistance status of the farm was a major factor influencing the adoption of IWM 
practices.  However, it was not the only factor.  The results show that grower perceptions of both the 
herbicide resource and the IWM practices are important in the adoption decision.  So too is information 
exposure.  For example, the results suggest that growers with very low perceptions of efficacy and 
cost-effectiveness may become more likely to adopt if the perceptions are raised.  This suggests that 
information and extension can play a significant role in increasing the likelihood of adoption of these 
IWM practices by many growers.  Of particular interest is the role of expectations of a new mode-of-
action, selective herbicide becoming available.  Growers who are very optimistic, or possibly holding 
misperceptions about the future availability of new herbicide alternatives for resistance management, 
were shown to be less likely to be IWM users.   
CONCLUSION 
In general, grower use of the IWM practices was shown to be consistent with the optimal use of 
resources over time.  However, grower perceptions were also shown to be important, suggesting a 
potentially significant role for information and extension to provide for improved decision-making and 
optimal use of the herbicide resource. 
KEY WORDS 
herbicide resistance, IWM, extension, adoption 
GRDC Project No.: UWA 257 
Paper reviewed by: Prof. S Powles 
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Fuzzy tramlines for more yield and less weeds 
Paul Blackwell1 and Maurice Black2 
1Agriculture Western Australia, Geraldton Office 
2Harbour Lights Estate, Geraldton 
KEY MESSAGE 
Fuzzy tramlines are a simple low-cost option to put crop into relatively unwheeled tramlines.  This also 
helps to control weeds and erosion and improve gross margins of a Tramline farming system.  
Electronic tramline controllers could make bare or fuzzy tramlines more efficiently.  Full electronic 
guidance and automatic steering would reduce the need for visual tramlines. 
METHODS 
Bare or fuzzy tramlines were tested in 2000 in a trial at Mingenew with farm scale equipment, which 
was integrated into the spraying and spreading operations of the whole farm.  The crop (Stilleto) was 
sown with a 9 m wide airseeder, sprayed with a 36 m wide boom and spread on 18 m width.  All 
operations used 2 m track 600 mm wide tramlines.  The crop was sown into dry soil over moisture on 
a grey sand over gravel on 15 May and established about 110 plants/m2.  Bare or fuzzy tramlines were 
formed.  Fuzzy tramlines were made by spraying the seed from seeder hose towards the ground from 
a height of about 800 mm in front of a frame or airbox wheel.  The wheel rolled the seed into the 
surface soil.  The tramlines had no traffic or 2 passes of spraying or spreading traffic over them during 
the season.  Ryegrass and wheat was measured from hand sampling in the spring.  This method was 
developed from an accidental spraying of seed into tramlines in a 1999 trial of Tramline farming. 
RESULTS 
The yield in the unwheeled fuzzy tramline was about 50% of the unwheeled yield (Figure 1).  The 
number of ryegrass heads in the unwheeled fuzzy tramline was about 60% less than in the bare 
tramline, but the wheeled fuzzy tramlines had no significant ryegrass control.  Perhaps in a better 
seasonal start there would have been opportunity for more vigorous wheat growth to compete with the 
ryegrass after wheeling from spraying or spreading. 
 
 
 
 
 
 
 
 
Figure 1. Yields and ryegrass head densities in either unwheeled crop, bare or fuzzy tramlines (F) with 
different amounts of traffic (O = no traffic; SPD = spreading traffic; SPY = spraying traffic). 
MODELED FINANCIAL VALUES OF DIFFERENT TRAMLINE DESIGNS 
A computer based model of cropping systems using normal wheeling or forms of Tramline farming 
was used to estimate the financial value of fuzzy tramlines compared with bare tramlines.  More 
details of the model are given in Blackwell (2001) ‘Tramline Farming for dollars’, 2001 Crop Updates.  
The results in Figure 2 show that there is about double the benefit of bare tramlines with no 
compensatory yield if single fuzzy tramlines are used for guidance.  The analysis was simplified to give 
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no yield in a spraying tramline; this was more reasonable over a range of crops and for more intensive 
spraying regimes. 
 
 
 
 
 
 
 
 
The gross margins for bare tramlines with 60% compensatory yield was similar to that for the range of 
fuzzy tramline options.  However, compensatory yield from the edge rows of bare tramlines cannot be 
relied upon; we have only found it once in a very wet growing season.  The single fuzzy tramline can 
help control erosion and weeds, be very simple to use and provide a modeled benefit of about $15/ha 
in the first year of wheat after ripping, compared with bare tramlines and no compensation.  We 
estimate that single fuzzy tramlines are much easier to use in round and round operations compared 
with up and back.  Steering to the fuzzy tramlines was practical, but more difficult than bare tramlines. 
CONCLUSION 
This first trial of fuzzy tramlines was in a difficult season for crop establishment.  Nevertheless the 
unwheeled fuzzy tramlines provided about 50% of the unwheeled yield and 60% suppression of 
ryegrass.  Fuzzy tramlines were more difficult to follow when spraying or spreading than bare 
tramlines, but were practical.  Modeled estimates of the effects on the whole system showed a 
Tramline farming system using single fuzzy tramlines could improve gross margins by $15/ha in the 
first year of wheat growing after deep ripping, compared to bare tramlines with no compensatory yield 
from the edge rows.  Electronic tramline controllers can know which tramline is being run by the 
seeder and if it needs bare tramlines for guidance, then a series of solenoids divert the flow of seed to 
the rows accordingly.  Such technology is currently available from Europe.  Full electronic guidance for 
all tractors and automatic steering dispenses with the need for tramlines for visual guidance. However, 
having some form of tramline and electronic automatic steering would be a good insurance for 
occasions when the electronic system may be unavailable. 
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Inter-row knockdowns for profitable lupins 
Paul Blackwell1 and Miles Obst2 
1Agriculture Western Australia, Geraldton Office 
2Mingenew 
KEY MESSAGE 
Better lupin yields and less weed infestation than normal agronomy was achieved with inter-row 
knockdowns on a blue lupin paddock at Mingenew.  Estimates of ryegrass seedbank control for 
modelling with RIM showed average gross margins over a lupin/wheat phase could be about $135/ha 
with the best in-row grass control.  This is about double the estimated average gross margin for the 
period from normal agronomy or green manure.  Tramlines enable the use of inter-row knockdowns 
inside protective ‘row-cropping’ shields and are very compatible with the needs of tramline farming 
technology.  The financial benefits of this system could be employed to help underwrite the needs for 
farm conversion to tramline farming. 
METHODS AND AGRONOMY 
The trial was done with farmscale equipment on plots 36 m x 250 m (one-farm boom width) and with 4 
replicates.  The soil was grey sand over gravel, with a blue lupin history.  Sowing was on 3 May, dry 
over moisture.  There were only a few light showers until the middle of June.  192 mm fell between 
May and October.  Wonga was seeded at 120 kg/ha on 560 mm rows with knifepoints and 
presswheels.  Fertiliser at seeding was 100 kg/ha of ‘pasture potash’.  Herbicides were:  pre-seeding.  
1 L/ha Roundup, 2 L/ha simazine, 300 mL/ha Sprayseed; 5 July; 750 mL/ha simazine, 100 mL/ha 
brodal (not treatments 2,3 and 4) 1 August; 280 g/ha fusion (not treatments 2 and 3).  Reglone was 
used for crop topping in late October. 
Inter-row spraying was with ‘Red Ball®’ conservation spray shields mounted on a 9 m wide three-point 
linkage frame.  The spraying tractor ran on 600 mm wide tramlines.  ‘Fuzzy’ tramlines were used in the 
whole trial, i.e. seed sprayed from two hoses at about 800 mm height in front of frame and airbox 
wheels which rolled the seed into the soil in a broad band.  Thus the tramlines resembled broad green 
bands, rather than bare, grey strips.  Then the shields were used the crop in the tramlines was killed, 
as well as the weeds between the rows.  The inter-row roundup, at 1.5 L/ha was sprayed when the 
primary flowers of the lupins were opening.  The shields sprayed 350 mm width of the 560 mm rows.  
Green manuring was done with an offset disc plough on 28 August and brown manuring (1 L/ha of 
roundup) was done on 12 September. 
A small trial on the same site also used knockdowns in the row.  The range of treatments used are 
shown in Table 1.  Shields gave the largest yield and had the lowest growth of blue lupin weeds.  
Presumably the large blue lupin weeds competed for soil moisture in this dry season and contributed 
to a reduction of yield in the other treatments.  There must have also been some compensation in the 
shielded crop for the lack of crop in the tramlines, compared to the other treatments.  Grass weed 
control with inter-row hoods because grass selectives were also used, as in the normal agronomy.  
This was done to simulate weed control by other methods, e.g. in row Kerb® or late spray seed from 
‘lay by’ nozzles on the shields. 2 L/ha of roundup in the row killed all grasses. At WHRS, Kerb® in-row 
has shown 97% grass control, little yield penalty and a cost of about $18/ha.  Crop topping may be the 
best current option for the in-row weeds.  Wheat yields and weeds will be followed in the 2001 season 
for the same treatments. 
Table 1. Plant establishment, growth and yield 
Treatment Yield 
(t/ha) 
Plants 
(/m2) 
Dry matter 
(g/m2) 
Gross 
income 
($/ha) Lupin Blues Grass Lupin Blues Grass 
1.  Normal agronomy 1.067 44 2.3 4 184 29 6.4 181 
2.  Green manuring 0 53 3 16* 237 48 38* 0 
3.  Brown manuring 0 55 3.8 4 273* 64 16* 0 
4.  Crop topping 1.042 37 1.5 2 287* 25 0.2 177 
5.  Hoods and topping 1.186* 42 0.5* 3 255* 0.5* 7.5 202 
LSD (5%) 0.082 17 1.9 10 69 30 22 ($170/t) 
* = Significantly different to normal agronomy. 
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Estimates of weed control, yields and gross margins in a lupin-wheat phase by RIM 
For the model run we used a lupin yield of 1.2 t/ha and a wheat yield of 2.34 t/ha ($170 and $180/t 
respectively).  No grass selectives could be used in the lupins and there was 25% carry-over of the 
initial 500 seeds/m2 rye grass into the wheat phase.  The wheat was grown with delayed sowing and 
high seeding rates to maximise weed control.  The shield treatments were estimated as the worst 
scenario with only 80% control by inter-row shields, or the best case scenario with additional Kerb® in 
the row (paid for by saving the cost of simazine) and 98% weed control.  Table 2 shows the results. 
Table 2. Estimates of ryegrass and gross margins for different systems over a lupin/wheat phase 
  Lupin year Wheat year  
Ryegrass (seeds or plants/m2) 
% 
Control 
Seeds; 
April 
Plants; 
Nov. 
Seeds; 
April 
Plants; 
Nov. 
 
Res. RG no G. selective, normal agronomy 70 500 151 5195 1173  
Green manure with simazine 99 500 3 155 35  
IR shields on 80% width, no in row control 80 500 38 1487 336  
IR shields + in-row control; 98% grass control 98 500 17 591 134  
   
Gross margin $/ha 
 
2 years 
Average 
over 
2 years 
Res. RG no G. selective, normal agronomy   21  110 131 65.5 
Green manure with simazine  -130  275 145 72.5 
IR shields on 80% width, no in row control   29  172 201 100.5 
IR shields + in-row control; 98% grass control   59  212 271 135.5 
The best IR shield treatment gave the best gross margin in the lupin year and averaged over the two 
years, ryegrass numbers were also kept relatively stable.  This encourages the development of low 
cost shields for use on normal farm spraying equipment. 
CONCLUSIONS 
• These results are encouraging for inter-row hoods in a Tramline farming system using 
row-cropping technology. 
• Tramlines enable the use of inter-row knockdowns inside protective ‘row-cropping’ shields and 
are very compatible with the needs of tramline farming technology.  The financial benefits of this 
system could be employed to help underwrite the needs for farm conversion to tramline farming. 
• These techniques may also be useful in other legume crops with a ‘bushy’ growth habit, which is 
easily accommodated between inter-row shields, e.g. chickpeas. 
ACKNOWLEDGMENTS: 
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Row cropping and weed control in lupins 
Mike Collins and Julie Roche, Centre for Cropping Systems, AGWEST, Northam 
KEY MESSAGE 
‘Row Cropping’ techniques, using knockdown herbicides between the rows, and an alternative grass 
selective herbicide (Kerb®) in the crop row, have given similar crop yields and ryegrass control to 
conventional selective herbicides in two years' comparisons at Wongan Hills research station.  
BACKGROUND 
The increasing problem of herbicide resistant ryegrass has lead to research into alternative weed 
control practices.  Row cropping, where 'in-row' and 'between-row' zones can be clearly defined, gives 
an opportunity for the use of completely different methods of weed control in the two zones.  
In row cropping, worldwide, the problem is dealing with weeds in the in-row zone, as there must be 
some selectivity in the control method between crop and weed.  This zone should be as narrow as 
possible.  Precision, in row straightness and seed placement and use of spray shields that work under 
the 'skirt' of the crop plant, reduce in-row width. 
Growing the crop at wider row spacings than normal also increases the proportion of the total area in 
the between-row zone but may reduce crop yield. 
AIM 
The aim of this research is to develop practical row cropping methods for lupins and other non-cereal 
crops. 
METHOD 
Plot trials, where the plot width was set to suit one pass of the seeder used, investigated different 
weed control methods in three years (1998-2000). 
Simazine was applied over the trial area in the first two years to reduce ryegrass emergence.  
Selective herbicides Brodal®, Sertin® and Verdict® were applied in the 'conventional' treatments.  
Alternative row spacings (19, 38, and 54 [1998] or 50 [1999] cm) were tried for two years.  As there 
was no yield reduction at the wider row spacing, these widths were not included in 2000.  In 2000 all 
plots were sown at 56 cm row spacing. 
 1998 1999 2000 
Variety Gungurru Kalya Tanjil 
Sowing rate (kg/ha) 124 100 116 & 146 
Sowing date 3/6 9/6 23/5 
A great range of between row weed control options were trialled in 1998, including flame, weed wiper, 
glyphosate impregnated foam, liquid N, cultivation, as well as shielded nozzles with glyphosate or 
paraquat application.   
RESULTS AND DISCUSSION 
Use of Kerb® 
Use of Kerb® (Group K) in 1998 as a non-randomised sub-plot showed promise as an alternative in-
row selective herbicide.  Kerb® is an old grass selective herbicide that has until recently, been too 
expensive for broadacre use, being restricted to higher value uses such as grass control in lettuce or 
Poa control in couch lawns.  Recent interest in re-evaluating old herbicides may bring it back on the 
market once registration has been completed, at a price and packaging that will allow economic use.   
This herbicide is moisture activated.  Our use as a soil-applied band at seeding time may not be the 
best, given that moisture conditions are not always be ideal.  Band spraying with the seeder has the 
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advantage of correct location of the band in relation to the seed row.  Nozzles can be mounted on a 
rear bar and rotated to give a narrow band.  Low output nozzles are required to give reasonable water 
application rates.  For example, a Spraying Systems 8001E nozzle spraying a 10 cm band at 1 bar 
pressure puts out 188 L/sprayed hectare at 8 kph and 270 L at 5.6 kph. 
Kerb® has a disadvantage in that repeated use conditions soil organisms to metabolise it.  This 
reduces its effectiveness after about three year’s use.  What happens with band application in 
alternate or every third year has not been tested. 
In-row use of 'Knockdown' herbicides 
Joint work with Paul Blackwell at Mingenew in 2000 where both paraquat and glyphosate were 
sprayed in the crop row encouraged further work at Wongan Hills.  The lupins seemed to tolerate 
these herbicides.  At Wongan Hills the double knock treatment was glyphosate at 2 L/ha (7/9), 
followed by 2 L/ha of paraquat (22/9).  In-row treatments were paraquat at 2 L/ha (7/9), glyphosate 
1 L/ha (22/9).  Water use was about 50 L/sprayed ha, operating speed about 6 k/hr, with a 7-shield 
3 pt linkage mounted toolbar, with 6-row plots. 
As the season progressed (with increasing dryness), it was obvious that the paraquat sprayed at the 
base of lupin plans had caused damage lesions, in some cases completely ring-barking the plant.  Plot 
variability made it difficult to adequately assess this, but it generally meant more dead plants at 
harvest, lower yields, lower protein and a lower seed weight. 
Treatment Yield t/ha Biomass t/ha Harvest Index 1000 grain wt Protein % 
Kerb® IR DKBR 0.690 4.241 16.0% 146.3 32.175 
Para IR DKBR 0.603 3.366 17.9% 136.5 31.375 
Glyph IR&BR 0.672 3.116 21.6% 135.7 Not tested 
Nil IR Para BR 1.018 2.781 36.6% 145.3 Not tested 
Conventional 0.422 3.996 10.6% 142.5 33.025 
Control  -  none 0.614 2.781 22.1% 132.5 34.475 
LSD 5% 0.3466 1.804 Not tested 7.062 0.6258 
A 'critical period' lupin trial at Grass Valley has shown that ryegrass competition with the crop would 
have been less if the inter-row treatments had been done earlier.  The 'conventional' treatment 
performed particularly poorly this year due to herbicide resistance.  The nil in-row treatment produced 
the best yield, but ryegrass seed production would have been significant.  The Kerb® treatment gave 
very good plant growth, the reduced yield probable due to running out of moisture in this 'sharp' 
finishing (dry spring  -  no rain in September) season. 
Shield development 
Spray shields are normally suspended from a toolbar.  Manual steering must be precise if 'Precision 
Agriculture' methods are not used.  The trailing shield design used is an attempt to get a lower capital 
cost system to work well, using the crop to help steer the shield, and if possible, to be mounted on 
conventional spray booms.  Early observations suggested that the shield should protect the crop 
plants from spray bounce, so skid mount and wheel mounted versions have been developed.  They 
were successfully trialed in 2000 against Red Ball® shields.  'Layby' nozzles were also used, so that by 
'double plumbing', completely different herbicides or mixes could be used in-row and between-row, 
saving a second trip over the paddock.  The shape of the locally developed shields allow 82% of the 
row spacing (46 out of 56 cm) to be sprayed out compared with 62.5% (35 out of 56) with the Red 
Ball® shields.  A version for 38 cm rows has also been tried. 
CONCLUSIONS 
Row crop spraying techniques will be developed to paddock scale and other crops in 2001. 
ACKNOWLEDGEMENTS 
Chris Roberts and Steve Bell for technical help, Paul Blackwell and Terry Piper for encouragement. 
GRDC Project No.: DAW 617 
Paper reviewed by: Terry Piper 
46 
Cross seeding suppresses annual ryegrass and 
increases wheat yield 
Abul Hashem, Dave Nicholson and Nerys Wilkins, Agriculture Western Australia 
KEY MESSAGE 
Cross seeding is a non-chemical weed control option where 50% of wheat seed is sown in one 
direction and remaining 50% seed is sown at right angle.  A wheat seeding rate of 100 kg/ha sown in 
cross seeding with trifluralin increased wheat yield by 24-44% in Merredin as compared to standard 
seeding rate sown in single seeding method with trifluralin.  A wheat seeding rate of 48 kg/ha sown in 
cross seeding method with trifluralin increased wheat yield by 33% in Mullewa as compared to the 
same seeding rate sown in single seeding method with trifluralin.  Across all sites and seasons, cross 
seeding reduced ryegrass biomass by 14-32%, ryegrass heads by 21-43% and ryegrass seed 
production by 37% regardless of wheat seeding rate, wheat varieties and trifluralin. 
AIM 
With the widespread evolution of resistance in annual ryegrass to Group A, B and C herbicides in 
Western Australia, it is necessary to develop non-chemical weed control option to suppress ryegrass 
and sustain cereal productivity.  Uniform distribution of wheat plants at seeding may minimise 
intraspecific competition among wheat plants and maximise its competitive ability to suppress 
ryegrass.  Cross seeding, like narrow row spacing or broadcasting, is one practical way to achieve 
even spatial arrangement of wheat plants.  The aim of this study was to examine if cross-sown wheat 
could suppress ryegrass and increase wheat yield at different seeding rates planted with or without 
trifluralin as compared to conventionally sown (single seeding) wheat. 
METHODS 
Three trials in Merredin (1997, 1999 and 2000) and one in Mullewa (2000) were conducted with the 
treatments shown in Table 1. 
Table 1. Treatments used in different cross seeding trials in Merredin and Mullewa* 
Merredin 1997 Merredin 1999 Merredin 2000 Mullewa 2000 
  1.  SS + Amery + 50 kg   1.  SS + Amery + 50 kg   1.  SS + Amery + 50 kg   1.  SS + Westonia + 48 kg 
  2.  SS + Amery + 100 kg   2.  SS + Amery + 100 kg   2.  SS + Amery + 100 kg   2.  SS + Westonia + 100 kg 
  3.  SS + Amery + 150 kg   3.  SS + Amery + 150 kg   3.  SS + Amery + 150 kg   3.  SS + Westonia + 130 kg 
  4.  SS + Eradu + 50 kg   4.  SS + Arrino + 50 kg   4.  SS + Arrino + 50 kg   4.  SS + Carnamah + 48 kg 
  5.  SS + Eradu + 100 kg   5.  SS + Arrino + 100 kg   5.  SS + Arrino + 100 kg   5.  SS + Carnamah + 100 kg 
  6.  SS + Eradu + 150 kg   6.  SS + Arrino + 150 kg   6.  SS + Arrino + 150 kg   6.  SS + Carnamah + 130 kg 
  7.  CS + Amery + 50 kg   7.  CS + Amery + 50 kg   7.  CS + Amery + 50 kg   7.  CS + Westonia + 48 kg 
  8.  CS + Amery + 100 kg   8.  CS + Amery + 100 kg   8.  CS + Amery + 100 kg   8.  CS + Westonia + 100 kg 
  9.  CS + Amery + 150 kg   9.  CS + Amery + 150 kg   9.  CS + Amery + 150 kg   9.  CS + Westonia + 130 kg 
10.  CS + Eradu + 50 kg 10.  CS + Arrino + 50 kg 10.  CS + Arrino + 50 kg 10.  CS + Carnamah + 48 kg 
11.  CS + Eradu + 100 kg 11.  CS + Arrino + 100 kg 11.  CS + Arrino + 100 kg 11.  CS + Carnamah + 100 kg 
12.  CS + Eradu + 150 kg 12.  CS + Arrino + 150 kg 12.  CS + Arrino + 150 kg 12.  CS + Carnamah + 130 kg 
*  SS, Single seeding (conventional one direction seeding), CS, cross seeding. 
No pre- or post-emergent herbicide was used to control ryegrass in 1997.  Trifluralin (+ or –) was 
combined with the seeding methods, seeding rates and varieties in three trials in 1999 and 2000. 
In cross seeding method, 50% of the seed was sown in one direction and remaining 50% was sown in 
another direction at right angle. In single seeding method (conventional method), all seeds were sown 
in one direction.  The trials were laid out in a split plot design with three replications.  The unit plot size 
was 108 m2 (20 m x 5.4 m).  Dry biomass at anthesis, ryegrass heads at anthesis, and wheat yield, 
were recorded.  In 2000, 20 ryegrass heads per plot were randomly sampled to determine seed 
production of ryegrass in Mullewa. 
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RESULTS 
Wheat yield 
Regardless of seed rate, variety, and trifluralin, cross seeding increased wheat yield by 10-30% in all 
trials except in Merredin in 1997.  In Merredin, a seed rate of 100 kg/ha sown in cross seeding method 
with trifluralin produced the highest yield in 1999 and 2000 (Figure 1).  This combination (Treatment 8 
and 11 in 1999 and 2000 under Merredin in Table 1) increased wheat yield by 24-44% in Merredin as 
compared to 50 kg/ha sown in single seeding method with trifluralin.  In Mullewa, a seed rate of 
48 kg/ha sown with trifluralin in cross seeding method produced the highest yield in 2000 (Figure 1).  
This combination (Treatment 7 and 10 in 2000 under Mullewa in Table 1) increased wheat yield by 
33% as compared to 48 kg/h seeding rate sown in single seeding method with trifluralin.  In 2000, 
wheat yield declined at 100 and 130 kg/ha seed rates in Mullewa and at 150 kg/ha in Merredin.  Such 
a decline in yield could be attributed to the reduction in carrying capacity of the sites probably caused 
by lower than average rainfall during reproductive stages of wheat in 2000. 
Biomass of wheat and ryegrass 
On the average, cross seeding increased wheat biomass by 8-30% at Merredin and 16% in Mullewa 
as compared to single seeding (Figure 2).  In contrast, ryegrass biomass was reduced by 14-32% in 
Merredin and by 27% in Mullewa in cross seeding as compared to single seeding (Figure 2).  The 
variation in the biomass of wheat and ryegrass between sites and seasons could be attributed to 
variation in quality of sites and, amount and distribution of rainfall during each growing season.  On the 
average, cross seeding reduced ryegrass heads by 21-43% in Merredin and 35% in Mullewa as 
compared to single seeding (data not shown). 
Figure 1. Effect of seeding methods, seeding rates, and trifluralin on wheat yield in Merredin in 1999 
and 2000, and Mullewa in 2000.  CS+T, cross-seeding with trifluralin; CS+NT, cross-seeding 
without trifluralin; SS+T, single seeding with trifluralin; SS+NT, single seeding without 
trifluralin Ryegrass seed production (seed number/m2) in Mullewa. 
On the average, cross seeding reduced ryegrass seed production by 37% as compared to single 
seeding (Figure 3).  Application of trifluralin reduced ryegrass seed production by 61% regardless of 
seeding rates and seeding methods. Increases in seeding rate up to 130 kg/ha in cross seeding with 
trifluralin reduced ryegrass seed production by 84% as compared to 48 kg/ha seeding rate in single 
seeding with trifluralin (Figure 3).  However, such reduction in ryegrass seed production did not always 
translate into higher yields of wheat in 2000. 
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Figure 2. Effect of seeding methods on the biomass of wheat and ryegrass in Merredin in 1997, 1999, 
and 2000, and in Mullewa in 2000. CS, cross seeding; SS, single seeding; M, Merredin; 
G, Geraldton (Mullewa). 
Like narrow row spacing or broadcasting methods of sowing cereal crops, cross seeding is another 
non-chemical option to suppress ryegrass and increase wheat yield.  Cross seeding incorporates 
trifluralin better than single seeding, although some damage by trifluralin to wheat plants may occur in 
case of immediate post-seeding excess rainfall.  Use of high seeding rate up to 100 kg/ha will counter 
this plant damage and give a good stand of wheat plants.  
Figure 3. Effect of seeding methods, seeding rates, and trifluralin on ryegrass seed production in 2000 
in Mullewa.  CS+T, cross-seeding with trifluralin; CS+NT, cross-seeding without trifluralin; 
SS+T, single seeding with trifluralin; SS+NT, single seeding without trifluralin. 
Cross seeding can be targeted in paddocks with high ryegrass burden and can be planned to sow last. 
At Kellerberrin, a farmer achieved a 500 kg/ha yield advantage by cross seeding wheat in a paddock 
with high resistant ryegrass burden. 
CONCLUSIONS 
Cross seeding is a non-chemical option to suppress annual ryegrass and increase wheat yield.  A 
seed rate of 100 kg/ha sown in cross seeding method with trifluralin is the best combination.  However, 
standard seed rate sown in cross seeding method with trifluralin may be more productive in a poor site 
during a dry season. 
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Weed seed control by chaff burial 
Mike Collins, Centre for Cropping Systems, Agriculture Western Australia, Northam 
KEY MESSAGE 
Burial of triflualin-treated chaff dramatically reduces the amount of viable ryegrass seed returning to 
the seedbank at harvest time. 
BACKGROUND 
Treatment of chaff containing weed seed provides an opportunity to reduce weed seed addition to the 
seed bank.  Current options are limited to chaff collection systems such as the chaff cart.  While they 
are effective at reducing the seed returning the seedbank, chaff carts do have some problems.  These 
include increased power demand on the harvester, chaff (dump) disposal problems and nutrient 
concentration (potassium and phosphorus) and/or loss (nitrogen and sulphur). 
These perceived problems with chaff carts limit farmer’s adoption of this technology.  Recognition of 
the valuable opportunity provided at harvest for weed seed destruction has resulted in the 
investigation of alternative means seed death when processed by the harvester.  Burial of chaff has 
the advantage of retaining a trifluralin treatment on and around the seed, compared with simply 
spraying trifluralin onto chaff that is left on the soil surface.   
AIM 
The aim was to investigate whether burial of chaff treated with trifluralin resulted in ryegrass seed 
death. 
METHOD 
Furrows were created with a single disc bait-layer, chaff was spread in the furrow at 50 g per metre of 
row (containing on average 144-ryegrass seeds/m of row). 
Chaff in the furrow was sprayed with trifluralin at water rates of 80 L/ha.  There were five trifluralin 
treatment rates and 4 replicates of each treatment: 
Table 1. Treatments 
Treatment # Trifluralin rate L/ha 
1 0 
2 1.0 
3 2.0 
4 4.0 
5 8.0 
Each plot had 10 m of row organised in two banks.  The soil was manually placed back in the furrow 
immediately after spraying. 
The trial was established on 17 December 1999.  Emergence of grass plants at the break-of-season in 
2000 was recorded. 
RESULTS AND DISCUSSION 
There was a rainfall event on 22-23 January 2000, resulting in about 70 mm of rain.  On 2 February 
the plots were inspected.  There was some wheat emergence, but the only ryegrass seedlings 
showing were on untreated plots, numbers were very low (e.g. 4 plants in 10 metres of row). 
The next rain, less than 10 mm, was on 10 May.  Plant emergence was recorded.  There were a few 
large ryegrass plants (an estimate would be between 10:1 and 5:1, small to large). 
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Table 2. Ryegrass plant counts (plants/10 m row) on 24 May 2000 (Time 1) 
Trifluralin L/ha Rep A Rep B Rep C Rep D Mean 
0 376 471 498 94 360 
1 241 312 117 39 177 
2 75 91 87 33 72 
4 20 12 72 35 35 
8 0 2 117 39 13 
The ryegrass was sprayed out with glyphosate on the 15 and 16 June.  Subsequent rainfall was not 
recorded, as sufficient had fallen to give normal germination.  A further reading of emergence was 
taken on the 27 July (Time 2). 
Table 3. Ryegrass plant counts (plants/10 m row) on 27 July 2000 (Time 2) 
Trifluralin L/ha Rep A Rep B Rep C Rep D Mean 
0 1263 1685 778 151 969 
1 476 1285 432 512 676 
2 336 1127 1127 103 673 
4 237 651 280 470 410 
8 27 108 105 92 83 
The data was submitted to regression analysis.  Differences were found to be significant.  Results 
show there is a high negative correlation between trifluralin rate and grass seedling numbers 
(r2 = 0.728). 
A 20 cm sprayed band, every 10 m at 8 L/ha, translates to 160 mL/ha over the whole area on a field 
scale.  This would give economical chemical use.  The possible effect of the concentrated-sprayed 
zones on subsequent crops would need to be checked.  
No comparison was made in this trial between this method and with spraying trifluralin directly onto the 
chaff with no burial.  This latter method was considered to be unlikely to be of any use, due to the 
volatility of the chemical and from anecdotal evidence. 
CONCLUSIONS 
The results do show scope for development into an alternative method for weed seed destruction.  
This method of weed seed control would need considerable development before being ready for use 
in farmers' paddocks. 
Different methods of trench production, trifluralin application, and chaff burial have not been trialed.  
For example other options could include the harvester being modified to produce a narrow chaff band 
that could later be sprayed and buried.  Burial could be done with a small specialised tractor 3-pt 
linkage mounted unit.  This would not add to the draft or operational complexity of the harvester. 
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Resistance in wild oats to Fop and Dim herbicides in 
Western Australia 
Abul Hashem and Harmohinder Dhammu, Agriculture Western Australia 
KEY MESSAGE 
Resistance to Fop and Dim was found in one biotype of wild oats in WA.  Ninety per cent of the 
progeny plants of this biotype survived the label rate of Achieve® and 33% survived four times the 
label rate.  Sulfosulfuron did not kill most plants of the biotypes tested but suppressed their growth. 
BACKGROUND 
Wild oat control failure with Fop and Dim was observed in 1998 growing season or earlier in several 
paddocks in WA wheatbelt.  Such control failure occurred after repeated applications of Group A 
herbicide in those paddocks. 
AIM 
The aim of this study was to determine if wild oats have evolved resistance to both Fop and Dim in 
Western Australia. 
METHODS 
Seeds of 11 wild oat biotypes were collected from the paddocks where poor control with Fops and 
Dims were observed in 1998 or earlier within WA Wheatbelt.  Plants were grown in glasshouse 
conditions, watered daily and fertilised weekly.  In the single dose resistance test, wild oat plants were 
sprayed with label rate of Fop (e.g. Hoegrass®), Dim (e.g. Achieve®) and sulfosulfuron (e.g. Monza®) 
at 2-3 leaf stage in 1999/2000.  Progeny seeds of the biotypes surviving label rate of Fop, Dim and 
Monza®, were collected.  A dose response curve test was conducted on two biotypes (2/98 R and 
10/98 S) with Fop, Dim and Monza® in 2000/2001.  Plant survival was assessed five weeks after 
spraying the herbicides.  In case of Monza®, plant growth suppression was also assessed visually five 
weeks after spraying. 
RESULTS 
Single-dose resistance test 
In the single-dose resistance test, the plant survival of the resistant biotype (2/98 R) at label rates of 
Fop, Dim and Monza® was 83, 35% and 100% respectively (Figure 1).  The plant survival of the 
susceptible biotype (10/98 S) at label rates of Fop, Dim and Monza® was 0, 0, and 90% respectively 
(Figure 1). 
Dose response curve test 
In the dose response curve test, survival of progeny plants of the resistant biotype (2/98 R) was 90, 
41, and 33% at 0.38 kg, 0.80 kg and 1.60 kg/ha of Achieve® respectively (Figure 2).  All the plants of 
the susceptible biotype (10/98 S) died at 0.38 kg/ha of Achieve®.  These results clearly established 
that the biotype 2/98 R was resistant to Dim.  
Survival of progeny plants of the resistant biotype (2/98 R) was 83, 60, and 45% at 2.0 L, 4.0 L and 
8.0 L/ha of Hoegrass® respectively (data not shown).  All the plants of the susceptible biotype (10/98 
S) died at 2.0 L/ha of Hoegrass®.  Similar resistance to Fops and Dims were found in one wild oat 
biotype from WA (Mansooji et al. 1992; Maneechote and Powles 1995). 
Monza® at label rate did not kill plants of any biotype of wild oats.  However, it suppressed 50% plant 
growth in S biotype (10/98 S) at 25 g/ha Monza® as compared only 20% in the R biotype (2/98 R) 
(data not shown).  The effect of Monza® on plant survival and growth suppression indicate that the 
biotype 2/98 R which is resistant to both Fop and Dim is also probably multiple-resistant to Monza®. 
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Monza®, Fop and Dim (tralkoxydim only) are all recommended for use in wheat.  While Monza® is 
expected to suppress wild oats (not to kill), Fop and Dim are targeted to kill wild oats in wheat.  Fops 
and Dims are also widely used in other crops such as lupins, pulses and canola.  
Figure 1. Survival of two wild oat biotypes at five weeks after spraying with label rates of 
diclofop-methyl, tralkoxydim and sulfosulfuron, expressed as percentage of number of 
healthy plants before spraying.  2/98 R, resistant biotype; 10/98 S, susceptible biotype. 
Management options that will reduce the persistent use of these herbicides should be developed to 
minimise the risk of such resistance evolution.  Reduction in the use of Fops and Dims in cereals is 
one way to reduce the frequency of use of these herbicides. 
Figure 2. Survival of two wild oat biotypes at five weeks after spraying with Achieve®, expressed as 
percentage of number healthy plants before spraying.  2/98 R, progeny of resistant biotype; 
10/98 S, original collection of susceptible biotype. 
CONCLUSIONS 
Wild oats have evolved resistance to Fop, Dim and Monza®. Management options must be developed 
to reduce use of Fops and Dims in crops. Monza® should be used carefully to control wild oats.  
Farmers are advised to get the wild oat populations in their paddock tested before using these 
herbicides. 
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Triazine and diflufenican resistance in wild radish:  
what it means to the lupin industry 
Aik Cheam, Siew Lee, David Nicholson and Peter Newman, Agriculture Western 
Australia 
KEY MESSAGE 
Multiple resistance to triazines and diflufenican has now occurred in one population of wild radish in 
Western Australia.  Field trials have shown that atrazine or diflufenican on its own no longer control the 
population.  The common mixtures diflufenican + simazine, diflufenican + metribuzin and diflufenican + 
metribuzin + simazine also failed to control the population. 
If this resistance becomes widespread, it will have serious consequences for the lupin and canola 
industries. 
BACKGROUND 
Wild radish, multiple resistant to triazines (Group C) and diflufenican (e.g. Brodal®), a Group F 
herbicide, is the biggest threat to the lupin industry.  A population of wild radish multiple resistant to 
these two herbicide groups has occurred on a farm in the northern wheatbelt of Western Australia.   
No effective alternative chemical options are available for the selective control of wild radish in the 
lupin crop, once you lose these two important herbicide groups.  While the use of metosulam 
(Eclipse®), a Group B herbicide can give reasonable control of wild radish in tolerant lupin varieties its 
use conflicts with herbicide resistance management strategies, especially if Group B herbicides are 
used in the cereal phase. 
In past Crop Updates (1999 and 2000), triazine compounds have been reported to sensitise the wild 
radish plant for diflufenican, thus widening its window of application and increasing its level of efficacy.  
This is the rationale for using the common mixtures diflufenican + simazine, diflufenican + metribuzin 
and diflufenican + simazine + metribuzin for the control of wild radish in lupin crops.  It is possible that 
more populations of wild radish have already evolved resistance to diflufenican in the field but have 
not been detected due to effective triazine herbicides.  Once the populations become resistant to 
triazines, diflufenican resistance will become more apparent. 
AIMS 
A population of wild radish from the northern wheatbelt was reported to be multiple resistant to the 
triazines and diflufenican in the 2000 Crop Updates.  Consequently, two field trials were conducted in 
the 2000 season on this population at its original site with the aim of monitoring its resistance status 
and to determine the efficacy of a number of herbicides on this population under cropped and non-
cropped situations. 
RESULTS 
The data in Table 1, showing (A) radish survival, (B) level of radish seed and pod contamination in the 
harvested crop, and (C) the extremely poor yield of canola and lupins, clearly reflects the serious 
consequences of multiple resistance to triazines and diflufenican in wild radish.  Resistance to 
triazines has reached a very high level in this particular population, a consequence of the maternal 
inheritance of triazine resistance involving chloroplast gene (psbA).  Resistance to diflufenican 
however, is still moderate, showing around 50% survival. 
Table 1. Wild radish (A) survival (%), (B) pod and seed contamination (%) in crop harvests and (C) the 
final crop yields (kg/ha) free from contamination 
Crop Treatment A B C 
Canola Atrazine 4 L (2 L/ha pre; 2 L/ha post) 99.0 99.7 4.0 
Wheat Buctril MA® 1.4 L/ha 2.7 7.5 1,083 
Lupins Simazine 2 L/ha pre; Brodal® 0.2 L/ha post 30.7 38.4 909 
Lupins Simazine 2 L/ha pre; Brodal® 0.1 L/ha + Lexone 100 g/ha 63.5 56.8 655 
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Figure 1 shows the percentage radish surviving 9 weeks after treatment application in an non-crop 
situation.  As expected, the common mixtures Brodal + simazine, Brodal + metribuzin and Brodal + 
simazine + metribuzin, which all contain Group F and Group C herbicides, failed to give effective 
control of the population.  The population, being susceptible to phenoxys and the Group B herbicides, 
was effectively controlled by MCPA on its own or in mixtures with bromoxynil (Buctril MA®) or 
diflufenican (Tigrex®).  
Figure 1. Per cent wild radish survival 9 weeks after spray application. 
Glean® (Group B) and Eclipse® (Group B) killed most of the radish plants, with a better kill when 
Glean® was mixed with MCPA or when Eclipse® was mixed with diflufenican.  However, checking for 
crop phytotoxicity involving the Eclipse® + diflufenican mix needs further investigation. 
CONCLUSION 
The results highlight the serious consequences of multiple resistance to triazines and diflufenican in 
wild radish, to lupin and canola production.  The results also demonstrate alternative chemical options 
for controlling the radish population in cereal crops. 
If a lupin or canola crop is infested with wild radish resistant to Group C and Group F herbicides, a 
rapid build-up of the radish seedbank expected.  This is due to the ability of radish to produce prolific 
quantities of seed.  Once produced the seed can remain in the seedbank for a considerable period.  
This seedbank would be a continuous source of the resistant genes.   
In areas where radish still succumbs to both herbicide groups, conservation of their effectiveness 
should be given high priority.  Group F and or Group C herbicides should be avoided in the wheat 
phase of the lupin/wheat rotation and the lupin/TT canola rotation should be avoided to prevent the 
use of triazines in successive years. 
The effectiveness of diflufenican + MCPA (Tigrex®) is still good and can be used in the wheat phase.  
It should not be used in wheat, however if diflufenican (Brodal®) is used in a non-wheat phase. 
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Comparison of in situ v seed testing for determining 
herbicide resistance 
Bill Roy, Agricultural Consulting and Research Services Pty Ltd, York 
KEY MESSAGE 
The best testing for herbicide resistance may well be that carried out in the paddock.  It is suggested 
that advisers would do well to consider in situ testing the year ahead of when critical decisions on 
herbicide options are required. 
AIMS 
To provide extension guidelines on the use of ‘tests’ for identification of herbicide resistance in 
ryegrass by validating the results in the paddock of laboratory tests. 
METHOD 
Sixteen (16) annual ryegrass populations were studied over a three-year period (1998-2000).  Seed 
samples were collected in 1997 (6), 1998 (5) and 1999 (5), split in two with one fraction sent to each of 
two laboratories for resistance testing in the summer period of the following year. In the winter period 
of the following year small plot in situ trials were conducted at the site of seed collection.  These trials 
were of randomised block design with three replications.  
In both the laboratory tests and the in situ trials, evaluations were made on the efficacy of herbicides 
from Groups A, B, C and D. 
With the availability of the ‘Quick-test’ in 1998 this test was added to the project and samples were 
collected from the untreated control plots within the in situ trials for resistance testing by this method. 
Data from each testing service was presented in different forms and for the purpose of this paper has 
been converted to a similar basis (i.e. % control) as the basis of comparison.  
RESULTS 
Indication of resistance 
Test results can be used to provide a simple resistance (yes/no) message based on setting levels of 
control which must be achieved to indicate whether or not the population under test is susceptible to 
the herbicide being tested.  In Table 1 the results of the various tests conducted within the project are 
presented in this form. 
Table 1. Per cent of tests indicating resistance (Group A less than 95% control)/Other Groups less 
than 85% control) 
Group Product Seed test Lab 1 Seed test Lab 2 In situ Quick-Test 
A Hoegrass/Verdict 100 94 94 94 
A Sertin/Sertin Plus 44 63 94 60 
A Select 27 38 69 38 
B Logran/Glean 100 56 94 94 
C Simazine/Atrazine 40 31 94 63 
D Trifluralin 0 47 94 NA 
On this basis the results indicate a good correlation between all tests with respect to Hoegrass only.  
In other cases this strong relationship is absent and of particular concern is the discrepancy between 
laboratories with respect to seed testing.  This discrepancy is evident in the case of dims, Group B and 
Group D. 
The differences between the in situ and seed testing for Groups C and D may be accounted for by the 
critical conditions required to attain excellent results at field application rates of herbicides, with soil 
condition/incorporation and soil moisture/temperature being critical factors.  These conditions are 
much more readily controlled under laboratory testing.  
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The excellent relationship between Lab 1 and in situ results for Group B and the disparity with the 
results from the Lab 2 data is not so easily understood. 
This discrepancy also raises questions with regard to the minimum number of seed required for testing 
to ensure valid results at the widely varying levels of resistance, which will be found in different 
ryegrass populations. 
Control of ryegrass 
On closer examination of the grouped data (Table 2) with respect to the actual levels of control 
achieved under the various tests, the discrepancies are not as great as they appear in Table 1 but 
they are still discernible. 
Table 2. Mean % ryegrass control for the 16 populations 
Group Product Seed test Lab 1 Seed test Lab 2 In situ Quick-Test 
A Hoegrass/Verdict 36 50 33 53 
A Sertin/Sertin Plus 87 81 63 72 
A Select 93 93 85 85 
B Logran/Glean 15 73 45 38 
C Simazine/Atrazine 88 88 50 68 
D Trifluralin 99 84 51 NA 
When individual cases are examined large discrepancies are found between tests.  In Table 3 the 
apparent ‘worst’ and ‘best’ cases are presented.  
Table 3. Converted % ryegrass control data  -  individual populations 
Product Population Seed test Lab 1 Seed test Lab 2 In situ Quick-Test 
Hoegrass/Verdict Best case 92 100 95 90 
 Worst case 0 87 18 87 
Sertin/Sertin Plus Best case 98 100 100 100 
 Worst case 53 100 24 57 
Select Best case 100 100 100 100 
 Worst case 36 80 90 47 
Logran/Glean Best case 17 5 12 0 
 Worst case 0 90 95 67 
Simazine/Atrazine Best case 100 90 94 95 
 Worst case 100 60 32 88 
Trifluralin Best case 100 90 85 NA 
 Worst case 100 70 18 NA 
CONCLUSION 
The different results between tests/populations provides some cause for concern to those using test 
results to advise farmers on the best bet herbicide options to be adopted when there is the possibility 
that resistance may be developing in any given population of ryegrass. 
The results of the project indicate: 
• that in the short term extension advice should place more emphasis on in situ testing in the year 
prior to critical herbicide selection decisions; 
• there is a need to review laboratory testing to ensure standard procedures are followed and that 
an adequate number of seed is being tested. 
KEY WORDS 
resistance, ryegrass, testing 
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Phenoxy herbicide tolerance of wheat 
Peter Newman and Dave Nicholson, Agriculture Western Australia 
KEY MESSAGES 
• Applying phenoxy herbicides outside the recommended timing window can lead to significant 
yield reductions and head distortions in wheat. 
• Visual head distortion symptoms of phenoxy herbicides is not a good indicator of yield penalty. 
• Z51 may be a critical stage in wheat development for timing of phenoxy herbicides. 
• Applying phenoxy herbicides to a wheat crop under moisture stress may contribute to yield 
penalties. 
AIMS 
To investigate the effect of applying phenoxy herbicides outside the recommended window of 
application on yield of wheat varieties of various season length. 
METHODS 
Wheat was sown in 12 m wide strips parallel with the normal workings of the paddock.  Spray 
treatments were sprayed across these varieties.  The four times of spraying were arranged in four 
distinct blocks and individual treatments were randomised within these blocks.   
Location: Mullewa Research Station, Red sandy loam 
Time of sowing: 28 June 2000 
Varieties: Brookton, Carnamah and Westonia 
Seed rate: 57 kg/ha 
Fertiliser: Agstar @ 127 kg/ha 
Spray water volume: 96 L/ha 
Replications: 3 
Weed control:  Site sprayed with Bromoxynil 2 L/ha + Lontrel 250 mL/ha on 31 July 2000 @ 
3.5 to 4 leaf stage 
Table 1. Timing of herbicide applications 
 Brookton Carnamah Westonia 
Timing 1  -  T1 - 20 July 2000 2.5 leaf (Z12.5) 2.5 leaf (Z12.5) 2.5 leaf (Z12.5) 
Timing 2  -  T2 - 9 August 2000 4.5 leaf (Z14.5/22) 4.5 leaf (Z14.5/22) 4.5 leaf (Z14.5/22) 
Timing 3  -  T3 - 5 September 2000 Z32 Z33 Z41 
Timing 4  -  T4 - 21 September 2000 Z47 - 51 Z53 - 57 Z57 - 59 
Zadok’s growth scale 
Z32  -  2nd node detectable 
Z33  -  3rd node detectable  
Z41  -  Flag leaf sheath extending 
Z47  -  Flag leaf sheath opening 
Z51  -  Tip of ear just visible 
Z53  -  Ear half emerged 
Z57  -  Ear three quarter emerged 
Z59  -  Ear emergence completed 
RESULTS 
Spraying with phenoxy herbicides reduced yield of some varieties at the 2.5 leaf stage (T1), 4.5 leaf 
stage (T2) and the head emergence stage (T4).  Head distortions were observed where phenoxy 
herbicides were applied at the 2.5 and 4.5 leaf stages.  No head distortions were observed at the flag 
leaf emergence (T3) or head emergence (T4) stages.  There was no effect of phenoxy herbicides on 
yield when applied at the flag leaf emergence (T3) stage). 
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Table 2. Yield % of Control, and visual head distortions (% of heads distorted) 
 Brookton Carnamah Westonia 
 Yield % Distort Yield % Distort Yield % Distort 
Control T1 % 
(Yield kg/ha) 
100 
1286 
0 100 
1531 
0 100 
1770 
0 
MCPA Amine 500 mL/ha T1 100 3 89 0 99 0 
MCPA LVE 500 mL/ha T1 91 13 76 2 99 1 
2,4-D Amine 500 mL/ha T1 87 17 83 2 95 1 
2,4-D Ester 80 250 mL/ha T1 73 40 69 4 90 4 
LSD T1 9.7  9.7  9.7  
Control T2 % 
(Yield kg/ha) 
100 
1369 
0 100 
1262 
0 100 
1490 
0 
MCPA Amine 1 L/ha T2 106 3 101 0 102 0 
MCPA LVE 1 L/ha T2 96 5 91 0 97 0 
2,4-D Amine 1 L/ha T2 104 90 95 50 96 2 
2,4-D Ester 80 500 mL/ha T2 103 90 87 57 98 3 
LSD T2 11.8  11.8  11.8  
Control T3 % 
(Yield kg/ha) 
100 
1788 
0 100 
1608 
0 100 
1928 
0 
2,4-D Amine 1 L/ha T3 97 0 96 0 98 0 
2,4-D Amine 1.5 L/ha T3 93 0 111 0 111 0 
2,4-D Ester 80 500 mL/ha T3 97 0 106 0 114 0 
2,4-D Ester 80 750 mL/ha T3 100 0 104 0 109 0 
LSD T3 NS  NS  NS  
Control T4 % 
(Yield kg/ha) 
100 
1446 
0 100 
1472 
0 100 
2021 
0 
2,4-D Amine 1 L/ha T4 83 0 89 0 107 0 
2,4-D Amine 1.5 L/ha T4 72 0 101 0 102 0 
2,4-D Ester 80 500 mL/ha T4 64 0 94 0 102 0 
2,4-D Ester 80 750 mL/ha T4 54 0 78 0 97 0 
LSD T4 12  12  12  
Average yield (Kg/ha)  1344  1374  1822  
Note:  NS refers to no significant difference p < 0.05. 
Figures in bold are significantly different from the control p < 0.05. 
CONCLUSION 
Applying phenoxy herbicides outside the window of recommendation for the specific herbicide can 
lead to significant yield reductions and head distortions in wheat.  Longer season varieties such as 
Brookton and Carnamah appear to be more sensitive to early applications of phenoxy herbicides than 
short season varieties such as Westonia.  Amine formulations of phenoxy herbicides appear to be 
safer than ester formulations. 
Head distortions are not necessarily a reliable indicator of yield penalties from early phenoxy spraying.  
Brookton had higher levels of visual head distortions than Carnamah for timing T1.  However, 
Carnamah yield was affected more by the phenoxy herbicides at this timing than Brookton.  Carnamah 
yield was reduced by spraying with MCPA at timing T1 despite very low levels of head distortions 
being observed. 
It is possible that the Z51 stage (tip of ear just visible) of wheat development is a critical timing for 
phenoxy application.  The most damage from phenoxy herbicide application for this trial and a similar 
trial conducted in 1999 was where the phenoxy was applied at Z51.  This may be coincidental, but 
certainly warrants further investigation.  Phenoxy herbicides applied just before or just after this timing 
caused less yield reduction than phenoxy applied at Z51.  This, however, may be a variety specific 
effect. 
It is likely that moisture stress contributed to large yield reductions in Brookton where the herbicide 
treatments were applied at Z47-Z51.  This is an example of where a long season variety was late 
sown with a tight finish to the season.  Given that Brookton was at the Z51 on 21 Sept and there was 
no rainfall after this time, the variety was under significant stress.  Spraying phenoxy herbicide at this 
time has added to the stress that that the plant was under and caused a reduction in yield.  2,4-D 
Amine appears to have been safer than 2,4-D Ester at equivalent rates.  2,4-D Ester 80 is roughly 
twice as effective as 2,4-D Amine 50%.  Therefore, 500 mL/ha Ester 80 is roughly equivalent to 1 L/ha 
Amine 50%. 
KEY WORDS 
phenoxy, tolerance, wheat, zadok’s growth scale 
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Tolerance of wheat to phenoxy herbicides 
Harmohinder S. Dhammu, Terry Piper and Mario F. D'Antuono, Agriculture 
Western Australia 
KEY MESSAGE 
• Wheat growers can better decide time of application of phenoxy herbicides to wheat varieties by 
using the information in Table 3.  The addition of one leaf to the leaf number present at double 
ridge is the earliest time at which higher rates of the phenoxy herbicides can be applied with 
minimal ear head deformities. 
• Visual ear, head deformity symptoms caused by phenoxy herbicides, are not a good indicator of 
yield penalty.  
• Brookton and Calingiri seem to be more sensitive to phenoxy herbicides than the other varieties, 
under late sown and moisture stress conditions.  
• Westonia and Karlgarin, with lower ear head deformities and no yield reduction, seem to be 
more tolerant to phenoxy herbicides than other varieties. 
AIM 
To produce an up to date guide for optimum timing of phenoxy herbicides application on a range of 
current wheat varieties. 
METHODS 
Two trials at Avondale and Wongan Hills Stations were conducted using six wheat varieties.  Wheats 
were sown on 20 June 2000 and 4 July 2000 in 10 m wide strips parallel to each other at Avondale 
and Wongan Hills, respectively.  Herbicide treatments were sprayed across these strips.  Four 
herbicides and five times of application were arranged in three randomised blocks.  Spraying was 
started when Westonia was at Z14-15 and subsequent spaying was done at weekly intervals except 
that the last spray was done at full flag emergence at Wongan Hills.  At every time of treatment, 10 
plants were selected randomly from each variety to work out mean number of leaves on the main stem 
and 5 plants were dissected to determine the ear head development stages.  Ear head deformities in 
terms of missing spikelets, rachis thinning, fused and super-numerary spikelets were observed well 
before harvest.  Total of 75 heads from three spots per plot, each spot of 25 heads, were selected to 
work out the per cent head deformed.  95 per cent confidence interval was calculated by multiplying 
standard error due to mean leaf number to t value at 95 per cent level of confidence.  Total rainfall 
from June to November was 197.2 mm at Avondale and 159 mm at Wongan Hills.  
Table 1. Timing of herbicide application 
 Avondale Wongan Hills 
 Zadok’s Scale Date Zadok’s scale Date 
Timing 1  -  T1 Z14-Z15   3 August 2000 Z14-Z15 17 August 2000 
Timing 2  -  T2 Z15-Z16 10 August 2000 Z15-Z16 24 August 2000 
Timing 3  -  T3 Z16-Z17 18 August 2000 Z16-Z17 30 August 2000 
Timing 4  -  T4 Z16-Z17 23 August 2000 Z17-Z18   8 September 2000 
Timing 5  -  T5 Z17-Z18 30 August 2000 After full flag emergence 29 September 2000 
At T5, ear emergence was complete in Amery, Karlgarin and Westonia at Wongan Hills.  Ear was half 
to three quarters emerged in Brookton.  Flag leaf was fully emerged in Camm and Calingiri and tip of 
the ear was visible particularly in case of Camm. 
Site 
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RESULTS 
Table 3. The number of visible leaves on main stem at double ridge and terminal spikelet of different 
wheat varieties (95% confidence intervals also shown) 
Variety Leaf number at 
double ridge 
95% conf. interval Leaf number at 
terminal spikelet 
95% conf. interval 
Site Avon Wongan Avon Wongan Avon Wongan Avon Wongan 
Amery  4.4 4.8 +/-0.2 +/-0.2   6.8 6.6 +/-0.2 +/-0.1 
Karlgarin  5.2 4.9 +/-0.1 +/-0.1  6.6 6.2 +/-0.2 +/-0.1 
Calingiri  6.0 6.6 +/-0.1 +/-0.2  7.4 7.5 +/-0.2 +/-0.2 
Camm  5.4 5.9 +/-0.2 +/-0.1  7.6 7.6 +/-0.2 +/-0.2 
Brookton  5.4 5.7 +/-0.1 +/-0.1  7.8 7.8 +/-0.1 +/-0.2 
Westonia  4.6 5.1 +/-0.1 +/-0.1  7.0 7.1  +/-0.2 +/-0.2 
Ear head deformities were observed in all wheat varieties when sprayed at 4-6 leaf stage (T1 and T2).  
2,4-D Ester at Wongan Hills and all the herbicides at Avondale sprayed at 6-7 leaf stage (T3) caused 
some deformities in Brookton and Calingiri (Data not shown for Avondale).  No head deformities were 
observed when phenoxes were applied after full flag leaf emergence and/or at head emergence stage 
(T5).  The ear head development studies confirmed that spraying of phenoxys at double ridge stage or 
before caused head deformities.  The 95% confidence interval (Table 3) alongside the leaf number 
indicate the variation associated with measuring main stem leaf number at double ridge and terminal 
spikelet.  For example:  Amery’s mean leaf number at double ridge is 4.8 (Wongan Hills), with a 
confidence interval of 0.2.  Therefore double ridge is most likely to occur in range of 4.6 to 5.0 leaves. 
Both formulations of 2,4-D sprayed at 4-5 leaf stage (T1) caused yield reductions in Brookton.  Yield 
reduction was significant in Calingiri with 2,4-D Ester sprayed at 5-6 leaf stage (T2) and in Calingiri 
and Amery with 2,4-D Amine applied at 6-7 leaf stage (T3).  2,4-D formulations sprayed after full flag 
leaf emergence caused significant yield reduction in Brookton.  Phenoxy herbicides did not cause yield 
reduction in any of the varieties at any timing of spray at Avondale (data not shown). 
CONCLUSIONS 
Results of the trials confirmed that wheats were more sensitive to phenoxy herbicide application up to 
double ridge.  The addition of one leaf to the leaf number present at double ridge is the time at which 
higher rates of 2,4-D or MCPA can be applied with minimal head deformities.  MCPA formulations 
were safer than 2,4-D formulations. 
Ear head deformities are not a good indicator of yield penalty from early phenoxy spraying.  Head 
deformities were caused by phenoxyes in all the varieties but yield reductions were noticed only in 
Brookton and Calingiri.  2,4-D (amine) applied at 6-7-leaf (T3) caused no head deformities but resulted 
in significant yield reaction in Calingiri.  However, ear head deformities may increase the screening 
percentage and/or have an adverse effect on quality parameters, which will be further investigated. 
Wheats were sown around two weeks later, conditions were drier and finishing was tighter at Wongan 
Hills than Avondale.  Crop growth in terms of height and biomass production was poorer at Wongan 
Hills than Avondale.  Average yield across all the varieties at Wongan Hills was 1882 kg against 
2401 kg/ha at Avondale.  There was no rainfall for two months after application of last spray on 
29 September at Wongan Hills.  Moisture stress might have contributed to yield reduction in medium 
to long season varieties Brookton and Calingiri coupled with phenoxy spray at T1 and T2 in general 
and in particular in Brookton when phenoxyes applied after full flag leaf emergence (T5).  
KEY WORDS 
phenoxy, MCPA, 2,4-D ester, 2,4-D amine, Zadok’s, double ridge 
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Table 2. Yield % of control, and head deformities (% of heads deformed) 
Herbicides/ha Amery Brookton Calingiri Camm Karlgarin Westonia 
 Yield % Deform Yield % Deform Yield % Deform Yield % Deform Yield % Deform Yield % Deform 
Untreated control 
kg/ha 
100 
1728 
0 
100 
1835 
0 
100 
1908 
0 
100 
1997 
0 
100 
1789 
0 
100 
2040 
0 
2,4-D Amine 1.0 L T1 104 33 88 57 98 22 93 22 104 15 105 16 
2,4-D Ester 80 0.5 L T1 97 54 86 72 101 31 101 54 100 37 103 36 
MCPA Amine 1.25 L T1 99 6 93 26 103 1 91 10 96 4 94 2 
MCPA LVE 1.0 L T1 107 7 109 56 93 3 102 12 101 7 101 2 
2,4-D Amine 1.0 L T2 103 0 94 41 102 13 101 2 104 0 101 1 
2,4-D Ester 80 0.5 L T2 109 6 90 49 89 26 96 10 100 2 110 1 
MCPA Amine 1.25 L T2 108 0 108 29 102 1 102 2 103 0 101 0 
MCPA LVE 1.0 L T2 104 0 85 16 93 2 92 2 101 0 103 0 
2,4-D Amine 1.0 L T3 89 0 90 0 89 0 93 0 100 0 105 0 
2,4-D Ester 80 0.5 L T3 98 0 98 15 92 49 94 0 97 0 97 0 
MCPA Amine 1.25 L T3 102 0 104 0 98 0 100 0 99 0 103 0 
MCPA LVE 1.0 L T3 108 0 108 0 102 0 112 0 102 0 113 0 
2,4-D Amine 1.0 L T4 100 0 113 0 98 0 93 0 103 0 96 0 
2,4-D Ester 80 0.5 L T4 96 0 97 0 91 0 92 0 101 0 96 0 
MCPA Amine 1.25 L T4 93 0 97 0 92 0 97 0 99 0 98 0 
MCPA LVE 1.0 L T4 100 0 106 0 102 0 96 0 105 0 106 0 
2,4-D Amine 1.0 L T5 97 0 88 0 98 0 89 0 102 0 103 0 
2,4-D Ester 80 0.5 L T5 93 0 87 0 93 0 95 0 94 0 92 0 
MCPA Amine 1.25 L T5 96 0 100 0 105 0 93 0 100 0 99 0 
MCPA LVE 1.0 L T5 96 0 97 0 95 0 97 0 97 0 107 0 
LSD (0.05) 9  11  10  11  8  10  
CV (%) 8  11  9  11  8  9  
Figures in bold are significantly different from untreated control. 
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Herbicide tolerance of new wheats  
Harmohinder S. Dhammu, Terry Piper and David F. Nicholson, Agriculture 
Western Australia  
KEY MESSAGE 
• Glean® reduced the yield of Calingiri and Karlgarin, Avadex® of Camm and Yield of Karlgarin. 
• Camm and Karlgarin showed sensitivity to a higher number of herbicides than other varieties 
tested.  Camm seems to be more sensitive to group B and Karlgarin to group D herbicides. 
• Brookton and Westonia tolerated all the herbicides well. 
• Due to unusual season this year, some of the varieties showed sensitivities to a number of 
herbicides.  In the previous seasons under normal growing conditions the varieties tolerated the 
herbicides well.  Farmers can use the results to help decide the best herbicide options in the 
coming season according to the crop growing conditions.  
AIM 
This was a standard herbicide tolerance trial aimed to investigate the adverse possible herbicides x 
wheat varieties interaction. 
METHODS 
Eight wheat varieties were sown on 27 June 2000 in 10 m wide strips parallel to each other with a 
narrow points combine followed by ‘prickle chain’ on red loamy soil at Mullewa.  Spray treatments 
were applied across these strips in three randomised blocks.  Every fourth plot was kept as an 
untreated control to check any spatial variation.  To note any phytotoxic effects from the herbicides, 
visual observations were taken 2-3 weeks after their spray and also at anthesis. 
RESULTS 
Visual rating during early crop growth and at anthesis gave the following impressions: 
Achieve® caused dark green colour of leaves (across all varieties) within one week of spraying, but 
colour became normal after three to four weeks.  Achieve® also stunted all the varieties to some 
extent but plants recovered by anthesis. 
Affinity® + MCPA caused leaf spotting, Jaguar® and Tigrex® resulted in yellowing and Dicamba 
caused drooping in all varieties but effects seemed to be outgrown by anthesis. 
Effects on yield: 
• Glean®  -  significant yield reductions in Ajana, Calingiri, Camm and Karlgarin. 
• Ally®  -  in Arrino and Camm. 
• Avadex BW®  -  in Camm and Karlgarin. 
• Stomp®  -  in Arrino and Karlgarin. 
• Treflan®, Yield® and Achieve®  -  in Karlgarin only. 
• Jaguar®  -  in Camm. 
• Barrel®  -  in Carnamah. 
• Bromoxynil MCPA  -  in Camm. 
• Affinity® + MCPA  -  in Ajana and Calingiri. 
• A new herbicide ‘Pledge’ (Flumioxazin) was well tolerated by all the varieties.  This is a Group G 
broadleaf herbicide, not yet registered. 
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CONCLUSIONS 
• Yield reduction in Ajana by Glean® and Affinity® + MCPA, Arrino by Ally® and Stomp® and 
Karlgarin by Achieve®, Avadex®, Stomp® and Treflan® are in contrast to previous results 
where these varieties tolerated the herbicides well.  The sensitivities this year may be due to 
unusual season. 
• Yield reductions in Calingiri by Glean®, Camm by Avadex BW® and Karlgarin by Glean® and 
Yield® are consistent with the previous seasons and other locations. 
• Yield reductions in long season varieties Calingiri by Affinity® + MCPA, Camm by Glean®, 
Ally®, Jaguar® and Bromoxynil MCPA and Carnamah by Barrel® may be due to the very short 
growing season this year which did not give enough time for crop to detoxify the chemicals to a 
safe level.  External phytotoxic symptoms caused by Affinity® + MCPA in Calingiri were 
mitigated by anthesis.  Affinity® + MCPA and Bromoxynil MCPA were not tested in the previous 
seasons, so these need further testing.   
• Camm and Karlgarin showed sensitivity to a higher number of herbicides than other varieties 
tested.  Camm seems to be more sensitive to group B and Karlgarin to group D herbicides.  
• Brookton and Westonia tolerated all the herbicides well.  This is consistent with previous results. 
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Table 1. Effect of Herbicides on grain yield (% of untreated control) of wheat varieties at Mullewa (00MW29) 
 Herbicides/ha TOA* Ajana Arrino Brookton Calingiri Camm Carnamah Karlgarin Westonia 
1 Untreated yield (kg/ha)  1736 1804 1942 2154 1886 1971 1944 2226 
2 Glean 12.5 g IBS 85 94 93 88 90 98 90 98 
3 Logran 35 g  107 101 96 95 104 97 97 94 
4 Pledge 120 g  99 102 97 107 99 102 97 95 
5 Pledge 180 g  93 103 103 98 94 100 101 97 
6 Stomp 1.8 L  107 87 98 93 93 94 89 101 
7 Treflan 1.0 L  105 110 99 105 102 102 90 95 
8 Yield 2.0 L  112 106 99 103 103 95 90 96 
9 Avadex 2.0 L  110 92 94 104 88 99 91 95 
10 Pledge 120 g IPP 100 99 98 96 96 99 94 108 
11 Diuron + Dual 1.0 L + 1.0 L   118 102 99 101 107 99 100 92 
12 Diuron + Glean 1.0 L + 15 g  91 99 92 104 91 94 91 96 
13 Achieve 250 g  Z12-Z13 108 99 99 97 93 100 88 100 
14 Eclipse 10 g  108 108 96 102 106 101 99 104 
15 Jaguar 1.0 L  107 102 99 95 85 98 98 96 
16 Ally 5 g Z13-Z14 101 89 95 93 84 94 94 99 
17 Barrel 1.0 L  100 106 102 98 106 90 95 94 
18 Tigrex 1.0 L  108 114 96 93 97 101 103 102 
19 Affinity + MCPA 50 g + 0.5 L  84 94 97 85 105 99 100 119 
20 Bromoxynil MCPA 1.0 L  96 99 96 107 89 107 92 103 
21 Diuron + MCPA 0.35 L + 0.4 L  107 101 108 97 104 95 94 103 
22 Dicamba 1.0 L Z21+ 96 114 98 93 107 93 99 100 
 LSD (0.05) (% of untreated)  12 11 9 9 10 7 9 8 
 CV (%)  11 10 9 9 10 7 9 8 
IBS-Incorporated by sowing; IPP-Immediately post plant. 
Treatment 13 + 0.75% Supercharge, Tr 14 + 1% oil, Tr 16 and 17 + 0.25% wetter, Tr 19 + BS1000 0.05% v/v. 
Figures in bold are significantly different from untreated control. 
.
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Herbicide tolerance of durum wheats 
Harmohinder S. Dhammu, Terry Piper and David Nicholson, Agriculture Western 
Australia  
KEY MESSAGE 
• Glean® and Logran® caused yield reductions in all the varieties although Glean® to Tamaroi 
and Logran® to Kamilaroi reductions were not signif icant. 
• 2,4-D Amine, Bromoxynil MCPA and Stomp® reduced yield of  Wallaroi signif icantly.  
• Wollaroi showed sensitivity to higher number of  herbicides than other varieties.  
BACKGROUND/AIM 
Durum wheat is known to have dif ferent herbicide tolerances f rom bread wheats.  Being a new crop in 
WA, the information on the reaction of  different durum wheat varieties to commonly used herbicides 
here, is very limited.  Trials in previous seasons have given conf licting results.  The aim of  the tria l was 
to improve our knowledge of  tolerance of  durum wheat varieties to a range of  herbicides.  
METHODS 
Four durum wheat varieties were sown on 28 June 2000 in 10 m wide strips parallel to each other on 
red loamy soil.  Spray treatments were applied across these strips in three randomised blocks.  Every 
fourth plot was kept as untreated control to know any spatial variation.  To note any phytotoxic effects 
f rom the herbicides, visual observations were taken 2-3 weeks af ter their spray and also at anthesis. 
RESULTS 
Visual rating during early crop growth and at anthesis gave following impressions:  
- Glean® and Logran® caused yellowing across all the varieties but the crop recovered within 4-5 
weeks af ter spray. 
- Jaguar® also caused yellowing and Tigrex® resulted in leaf  spotting in all the varieties but 
ef fects were mitigated by anthesis. 
- Dicamba reduced the height of  all the varieties around 5 cm, but that was not ref lected in any 
yield penalty. 
Effect on yield 
• Glean® and Logran® caused yield reductions in all the varieties although Glean® to Tamaroi 
and Logran® to Kamilaroi reductions were not signif icant.  Ef fects of Glean® are in contrast to 
previous results where it was safe to all the varieties.  Logran® ef fects are consistent with 
previous results where it reduced the yields of  Yallaroi at Mullewa and of  Tamaroi at Merredin.  
• 2,4-D Amine, Bromoxynil MCPA and Stomp® reduced yield of  Wollaroi signif icantly.  2,4-D 
ef fects are consistent with previous results.  In the previous trials trif luralin reduced  the yield of  
Wollaroi under wet conditions at Merredin, but yield reduction due to Stomp® this year under 
dry conditions is a surprise.  Bromoxynil MCPA was not tested in the previous years, so it needs 
further testing. 
• Bromoxynil MCPA applied to Tamaroi and Jaguar to Yallaroi resulted in more than 10% yield 
reduction, but these were statistically non-signif icant. 
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Table 1. Effect of herbicides on grain yield (% of untreated) of durum wheats at Mullewa (00MW30) 
 Herbicides/ha TOA* Kamilaroi Tamaroi Wollaroi Yallaroi 
1 Untreated (kg/ha)  1540 1615 1592 1691 
2 Glean 12.5 g IBS 88.5 90.9 89.8 88 
3 Logran 35 g  94.5 85.3 88.7 79.5 
4 Stomp 1.8 L  100 103.4 90.5 92.7 
5 Treflan 1.0 L  102.1 92 105.7 91.7 
6 Yield 2.0 L  94.3 107.2 99.7 105.5 
7 Avadex BW 2.0 L  101.8 109.7 94.1 94.9 
8 Diuron + Dual 1.0 L + 0.5 L IPP 103.2 101.6 96.1 95.4 
9 Achieve 250 g Z12-Z13 101.4 103.7 97.9 99.1 
10 Eclipse 10 g  100.8 99.4 100 104.3 
11 Jaguar 1.0 L  92.5 90.3 95.9 89.7 
12 Ally 5 g Z13-Z14 97.6 102.6 99.1 93.7 
13 Barrel 1.0 L  99 102.3 99.8 97.6 
14 Tigrex 1.0 L  98.7 91.8 96.1 95.3 
15 Bromoxynil MCPA 1.0 L  103.5 89.2 91.8 95.2 
16 Diuron + MCPA 0.35 L + 0.4 L  111.3 104.9 94.5 98.5 
17 MCPA amine 1.0 L Z14-Z15 96.3 105.7 107 105.6 
18 2,4-D amine 1.0 L  99 98.4 91.9 102.2 
19 Dicamba 1.0 L Z21+ 96.3 104.7 94.2 93.7 
 LSD (0.05) (% of untreated)  8.6 11.3 6.2 10.4 
 CV (%)  8.3 10.9 6.1 10.4 
*  Time of application, IBS-Incorporated by sowing; IPP-Immediately post plant. 
Treatment 9 was applied with 0.75% Supercharge, Tr 10 with 1% oil, Tr 12 and 13 with 0.25% wetter. 
Figures in bold are significantly different from untreated control. 
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Herbicide tolerance of new field pea varieties 
Harmohinder S. Dhammu, Terry Piper, David F. Nicholson, and Mario F. 
D'Antuono, Agriculture Western Australia  
KEY MESSAGE 
Bladex®, Spinnaker® and their combination with Diuron can safely be used in all the varieties.  
Spinnaker® + Diuron remains the best overall recommendation, both for safety and ef f icacy.  Lexone® 
alone and in mixtures gave yield reduction in King, Helena and WAPEA 2074.  However, our previous 
suggestion to use Brodal® + Lexone® for post-emergence radish control must be cautioned. 
AIMS 
Trials last season showed some sensitivity of  new pea varieties to registered herbicides.  This trial was 
intended to further evaluate these sensitivities.  The herbicide mixes tested were aimed at achieving 
best chemical weed control practice. 
METHODS 
Seven varieties were sown on 30 June 2000 in 20 m wide strips along side each other on red sandy 
loam soil, well suited to peas.  Herbicides were applied across these strips in three randomised blocks.  
Half  of  the trial strip (10 m) of  each variety was sprayed with Brodal® 100 mL + Lexone® 100 g/ha 
when peas were at 3-5 nodes.  No post-emergence treatment was scheduled for the other half  of  the 
strip, but af ter a high density of  brassica weeds appeared, it was sprayed with Brodal® 100 mL/ha 
when peas were at 4-6 node stage. 
RESULTS 
• With no pre-emergence treatment, Brodal® + Lexone® yielded slightly more than Brodal® alone 
except for Helena.  This is probably a ref lection of  its greater ef f icacy on radish.  
• Bladex®, Diuron, Spinnaker®, and their combinations were generally safe.  Diuron reduced the 
yield of  Paraf ield signif icantly (2 L/ha), but at 1.5 L/ha plus Bladex®; there was no ef fect!  These 
results are consistent with previous years. 
• Lexone® caused signif icant yield reductions in King, Helena and WAPEA2074, both alone and 
in mixtures.  This is consistent with previous results, except that King was then more tolerant 
than Cooke. 
• Brodal®/Lexone® post-emergence was safe if  nothing, Bladex® and/or diuron had been used 
pre-emergence, but generally was not safe following the other pre-emergence treatments.  
WAPEA2074 however totally reversed this trend! This result is in contrast to previous results 
where Brodal®/Lexone® has been a very safe option. 
• Spinnaker® as IPP followed by post-emergence application of  Brodal® + Lexone® reduced the 
yield of  King, Magnet, Helena and Paraf ield.  Spinnaker + Diuron applied as IPP followed by 
Brodal® + Lexone® also reduced the yield of  Paraf ield and WAPEA 2127 signif icantly.  
• Cooke, Magnet and WAPEA2127 tolerated all the IPP herbicides well, while King tolerated 
everything without Lexone® and Paraf ield tolerated all except diuron.  This contrasts somewhat 
with previous results, when King was generally more tolerant than Cooke or Magnet. 
CONCLUSIONS 
Bladex®, Spinnaker® and their combination with Diuron can safely be used in all the varieties  
Spinnaker + diuron remains the best overall recommendation, both for safety and ef f icacy.  Lexone® 
alone and in mixtures gave yield reduction in King, Helena and WAPEA 2074.  However, our previous 
suggestion to use Brodal®/Lexone® for post-emergence radish must be cautioned.  It has never 
before shown the ef fects noted here, except in Cooke when some Lexone® was included in the 
pre-emergence treatment.  It may be that the very short growing season this year did not allow the 
crop to fully recover f rom a possible check f rom this mixture.  Certainly it was not a good year for peas, 
with the yields of  500 to 900 kg/ha well down f rom previous trials that were around 1500 to 
2500 kg/ha. 
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Herbicide effects on yields of field pea varieties (% of untreated in all varieties except % of Bladex in WAPEA 2074) at Mullewa (00MW32) 
 Herbicides/ha King! King!! Magnet! Magnet!! Cooke! Cooke!! Helena! Helena!! 2074! 2074!! 2127! 2127!! Parafield! Parafield!! 
1 Untreated 
(kg/ha) 
100 
472 
100 
512 
100 
803 
100 
855 
100 
626 
100 
647 
100 
748 
100 
629 
85 
491 
116 
744 
100 
878 
100 
895 
100 
741 
100 
802 
2 Bladex (*) 2.0 L 111 99 102 92 116 98 93 98 580* 641* 104 111 110 111 
3 Diuron 2.0 L 93 91 87 90 112 100 99 87 102 115 103 102 87 90 
4 Lexone 300 g 58 34 83 52 100 83 71 60 76 72 87 50 98 55 
5 Spinnaker 200 mL 85 51 84 77 97 96 96 80 79 97 97 87 101 82 
6 Lexone/Diuron 200 g/1.5 L 101 80 92 57 91 88 112 67 94 91 93 78 109 84 
7 Spinnaker/Diuron 150 mL/1.5 L 113 88 95 89 96 95 101 91 81 107 112 85 110 86 
8 Spinnaker/Lexone 150 mL/200 g 80 39 84 57 101 85 86 78 67 96 107 87 107 88 
9 Spinnaker/Lexone/Diuron 100 mL/150 g/1.0 L 64 61 108 75 102 94 109 81 104 96 95 66 124 91 
10 (*) Diuron 2.0 L + 1.5 L 94 101 109 85 112 98 108 90 94 128 91 108 112 113 
 LSD (0.05) Untreated v/s Herbicides (%) 21 19 20 18 12 11 13 15 20 13 15 14 11 11 
  Herbicides v/s Herbicides (%) 26 25 24 23 15 14 16 19 25 16 19 18 14 13 
  Herbicides across ! and !! (%) 25 25 23 23 14 14 17 17 20 20 18 18 14 14 
  Untreated across ! and !! (kg/ha) 65 65 109 109 49 49 65 65 64 64 81 81 55 55 
Treatment 2 was incorporated by sowing, Treatments 3-10 were applied immediately post-plant, Treatment (*) has basal Bladex @ 2.0 L/ha. 
! Brodal @ 100 mL/ha was applied along half of the each variety at 4-6 nodes. 
!! Brodal 100 mL + Lexone 100 g/ha was applied along half of the each variety at 3-5 nodes. 
* Yield kg/ha of WAPEA 2074. 
Figures in bold are signif icantly dif ferent f rom untreated in all varieties except f rom Bladex 2.0L/ha in WAPEA 2074.
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Herbicide tolerance of Cooke field peas on marginal 
soil 
Harmohinder S. Dhammu, Terry Piper, David F. Nicholson, and Mario F. 
D'Antuono, Agriculture Western Australia  
KEY MESSAGE 
Bladex, Spinnaker, Diuron alone and their mixes as IPP can safely be used in Cooke f ield peas on 
sandy soils.  A mixture of  Spinnaker + Diuron seems to be best overall recommendation, both for 
safety and ef f icacy.  Lexone - a herbicide recommended to use on normal pea growing soils, alone 
and in mixture with Spinnaker and Diuron reduced the yields.  
BACKGROUND/AIM 
As the price of  lupins drops, farmers are tempting to push other pulses such as f ield peas into soil 
types that would be considered marginal for its growth  -  more suited to lupins.  Research over the 
past few years has developed some robust herbicide recommendations for use in this crops, but they 
have not been tested on lighter soils where the herbicides may become more active and/or the crops 
may be less tolerant.  Aim of  the trial was to investigate whether herbicides recommended to use on 
normal pea growing soil types can safely be used on lighter soils or not. 
METHODS 
A trial was conducted at Mullewa on a sandy soil (88.5% sand, 4.2% Silt and 7.3% clay), low in 
nitrogen and organic carbon having pH 4.97 and EC 2.67.  Due to late season break, weeds were not 
controlled by knockdown herbicides ef fectively and thus perfect weed f ree conditions were not 
achieved.  Major weeds emerged in the crop were wild radish and doublegee.  Cooke f ield peas were 
sown on 30 June 2000 in a 20 m wide strip.  A range of  herbicide treatments was applied across the 
trial strip in three randomised blocks.  Half  of the trial strip (10m) was sprayed with Brodal 100 mL + 
Lexone 100 g/ha when peas were at 3-5 node and wild radish at 4-6 leaf  stage.  No post-emergence 
treatment was scheduled for another half  of  the strip, but af ter a high density of  weeds appeared, it 
was sprayed with Brodal 100 mL/ha when peas were at 4-6 node and wild radish at 6-8 leaf  stage. 
RESULTS 
Post-emergence spray of  Brodal + Lexone controlled the weeds ef fectively, where as application of  
Brodal only failed to control weeds in untreated controls.  Weeds caused signif icant yield reduction 
(45.3%) as compared to Bladex  -  best treatment.  Yield reduction (42.1%) was also signif icant in 
controls treated with brodal as compared to controls treated with Brodal + Lexone.  Lexone alone and 
in mixture with Spinnaker and Diuron applied as IPP caused signif icant yield reduction as compared to 
Bladex.   
The yields were further reduced, signif icantly, when these treatments were fo llowed by Brodal + 
Lexone as post-emergence treatment.  Bladex and Bladex (IBS) + Diuron (IPP) followed by post -
emergence application of  Brodal + Lexone caused signif icant yield reduction as compared to Bladex 
alone and/or Brodal + Lexone treated controls.  The reduction in yield is also evident f rom less 
biomass production by f ield peas under these treatments.  Interestingly, Lexone was tolerated well by 
Cooke f ield peas in another trial on red sandy loam soil at Mullewa (a more suitable pea growing soil).  
CONCLUSIONS 
Bladex, Spinnaker, Diuron alone and their mixes as IPP can safely be used in Cooke f ield peas on 
sandy soils.  Lexone - a herbicide recommended to use on normal pea growing soils, alone and in 
mixture with Spinnaker and Diuron reduced the yields.  Use of  Brodal + Lexone as post-emergence 
treatment needs further investigation under weed f ree situation.  
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Table 1. Effect of herbicides on biomass and seed yield of Cooke field peas at Mullewa (00MW33) 
  
Herbicides/ha 
Biomass reduction 
(%)3 
Yield (kg/ha) 
  Cooke1 Cooke2 Cooke1 Cooke2 
1 Bladex (*) 2.0 L 0 0 671 (100) 433 (64.5) 
2 Diuron 2.0 L 0 0 583 (86.9) 580 (86.5) 
3 Lexone 300 g 37 64 364 (54.3)  198 (29.6) 
4 Lexone/Diuron 200 g/1.5 L 38 67 372 (55.5) 174 (25.9) 
5 Spinnaker 200 mL 0 0 642 (95.7) 606 (90.4) 
6 Spinnaker/Diuron 150 mL/1.5 L 0 2 658 (98.0) 534 (79.6) 
7 Spinnaker/Lexone 150 mL/200 g 8 22 510 (76.0) 438 (65.2) 
8 Spinnaker/Lexone/Diuron 100 mL/150 g/1.0 L 8 17 516 (76.9) 381 (56.8) 
9 (*) Diuron 2.0 L + 1.5 L 2 4 586 (87.4) 534 (79.5) 
10 Untreated 0 0 367 (54.6) 633 (94.4) 
 LSD (0.05) Untreated v/s Herbicides   76 87 
  Herbicides v/s Herbicides   94 112 
  Herbicides across ! and !!   103 103 
  Untreated across ! and !!   51 51 
Treatment 1 was incorporated by sowing, Treatments 2-8 were applied immediately post-plant Treatment (*) has 
basal Bladex @ 2.0 L/ha. 
Cooke1 Brodal® @ 100 mL/ha was applied along half of the trial strip at 4-6 nodes. 
Cooke2 Brodal® 100 mL + Lexone® 100 g/ha was applied along half of the trial strip at 3 -5 nodes. 
3  Visual biomass reduction observed on 30 August 2000. 
Values in the parentheses are % yield of Bladex. 
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Herbicide tolerance of some annual pasture legumes 
adapted to coarse textured sandy soils 
Clinton Revell and Ian Rose, Agriculture Western Australia, Northam. 
KEY MESSAGE 
• Herbicide tolerance varies widely between species. 
• Cadiz, Charano and Santorini serradellas were very sensitive to Tigrex, MCPA, Jaguar, Igran, 
glyphosate and Gramoxone®. 
• The safest broadleaf  herbicide for use in Casbah biserrula appears to be bromoxynil.  
BACKGROUND 
Herbicides can play an important role in pasture management but there is considerable variation 
amongst species in their tolerance to herbicides.  Research in 1999 highlighted the need to account 
for soil type and seasonal variation as well as the timing of  herbicide application, grazing and the use 
of  herbicide mixtures.  Research in 2000 made some progress towards quantifying some of  these 
reactions for a range of  new annual pasture legume species.  
METHODS 
Two replicated experiments were conducted near Dowerin, Western Australia in 2000 on a grey loamy 
sand pH (CaCl2) 4.9 over subsoil pH (CaCl2) 4.4.  The f irst experiment examined the inf luence of  
grazing on herbicide tolerance but only data f rom the ungrazed treatment are presented in this paper.  
The second experiment included a larger range of  herbicides and was ungrazed.  Pasture legume 
species included subterranean clover (Dalkeith), French serradella (Cadiz ), yellow serradella 
(Charano , Santorini ), arrowleaf  clover (Cefalu ) and biserrula (Casbah ).  The pastures were 
sown af ter a knockdown herbicide on 26 June and maintained in a relatively weed-f ree condition to 
avoid confounding weed competition with herbicide reaction.  Herbicide treatments included 
pre-sowing applications of  Tref lan, pre-emergent applications of  diuron and metolachlor and 
post-emergent applications (22 August  -  6 leaf  stage of  legume) of  Broadstrike, Jaguar, MCPA, 
Tigrex, Spinnaker, simazine and Gramoxone®. Pastures were sown with a cone seeder and each 
sprayed plot area was 5 m2 in experiment 1 and 3 m2 in experiment 2.  About 40 mm of  rain fell in the 
two weeks af ter the application of  post-emergent herbicides.  Plots were visually rated in September 
for ef fects on herbage production.  Seed yields were measured in December and this data is still being 
processed. 
RESULTS AND DISCUSSION 
There was considerable variation in herbicide tolerance between species.  Pasture growth was limited 
by dry seasonal conditions but ungrazed herbage production of  most cultivars exceeded 3 t/ha.  The 
most productive species was yellow serradella, which produced over 5 t/ha.  Herbicide tolerance of  
French and yellow serradella was generally similar, although Charano yellow serradella appeared to 
have higher levels of  sensitivity to some herbicides (e.g. diuron and Spinnaker®) than Santorini.  
Pre-sowing applications of  Tref lan® resulted in some herbage reduction in most cultivars but notably 
Casbah biserrula.  The use of  Broadstrike in this situation was to simulate a knockdown of  blue lupins 
and this timing markedly increased legume sensitivity, except for Cadiz serradella.  Pre-emergent 
applications of  diuron and Spinnaker® resulted in substantial herbage reduction in Casbah biserrula 
and arrowleaf  clover (diuron reduced seedling densities).  The serradellas generally showed good 
levels of  tolerance to these herbicides.  All species showed acceptable levels of  tolerance to 
metolachlor. 
There were some notable responses to post-emergent herbicides.  Cadiz, Charano and Santorini 
serradellas were very sensitive to Tigrex®, MCPA, Jaguar®, Igran®, glyphosate and Gramoxone®.  
The high rate of  Spinnaker® caused moderate damage to all cultivars but especially Casbah biserrula.  
Cultivars had much better tolerance to Raptor® but the rate used was half  the normal 
recommendation.  Even so, Casbah was still the most sensitive cultivar.  Simazine resulted in 
increasing levels of  damage during the season but responses in the serradellas were similar to 
subterranean clover.  2,2-DPA caused substantial leaf  deformation in serradellas and appears to have 
limited use.  Other grass herbicides such as Kerb® and Verdict® had little impact on herbage 
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production in any cultivar.  Broadleaf  herbicide options in Casbah biserrula are still limited, with 
bromoxynil the most acceptable alternative. 
Table 1. Experiment 1  -  Herbage production expressed as a percentage of unsprayed treatment for 
selected legume pasture cultivars measured at two times during September 2000 following 
post-emergent herbicide application.  Days to first flower are shown in parenthesis  
 
Sub. clover Biserrula 
French 
serradella 
Yellow 
serradella 
Yellow 
serradella 
Arrowleaf 
clover 
 Dalkeith 
(80) 
Casbah 
(100) 
Cadiz 
(94) 
Charano  
(80) 
Santorini 
(92) 
Cefalu 
(112) 
Herbicide (rate/ha) 
12 
Sept. 
27 
Sept. 
12 
Sept. 
27 
Sept. 
12 
Sept. 
27 
Sept. 
12 
Sept. 
27 
Sept. 
12 
Sept. 
27 
Sept. 
12 
Sept. 
27 
Sept. 
Broadstrike 25 g + oil 76 76 13 20 73 78 80 77 81 77 88 83 
Broadstrike 25 g  
  + Diuron 100 mL 
75 55 26 26 86 76 86 80 81 74 90 63 
Broadstrike 25 g 
  + MCPA 500 mL 
67 53 21 34 44 26 44 21 54 32 64 58 
Gramoxone 500 mL 38 83 1 3 34 61 21 65 20 56 33 75 
Simazine 750 mL 82 63 80 65 85 73 73 57 83 72 84 50 
Tigrex 400 mL 64 46 48 59 38 21 35 28 48 28 68 63 
Raptor 20 g 82 72 48 49 83 67 90 83 90 87 68 68 
Bromoxynil 1.5 L 67 87 70 87 76 81 73 77 76 74 61 58 
Dry matter (t/ha) 
unsprayed 
2.8  3.0  3.3  4.1  4.9  2.4  
Table 2. Experiment 2  -  Herbage production expressed as a percentage of unsprayed treatment for 
selected cultivars measured on 12 September 2000 following herbicide application 
Species/cultivar 
Sub. 
clover 
Biserrula French 
serradella 
Yellow 
serradella 
Yellow 
serradella 
Arrowleaf 
clover 
Herbicide (rate/ha) Dalkeith Casbah Cadiz Charano Santorini Cefalu 
Pre-sowing       
Treflan 2 L 80 65 88 79 69 78 
Broadstrike 25 g 59 7 87 43 68 64 
Post plant pre-emerg       
Spinnaker 300 mL 27 15 89 83 95 24 
Diuron 750 mL 78 37 71 61 87 35 
Surflan 500 mL 84 81 85 76 83 90 
Metolachlor 500 mL 84 85 81 77 77 76 
Post emergence       
Spinnaker 300 mL 68 10 57 48 55 75 
Glyphosate 400 mL 13 0 0 0 0 7 
Jaguar 500 mL 53 52 35 26 46 47 
MCPA (amine)1 L 60 14 27 30 25 54 
Tribunil 850 g 89 87 84 86 91 93 
Verdict 100 mL + oil 93 94 95 90 86 93 
Igran 800 mL 41 22 9 6 14 55 
Basagran 1.5 kg 90 50 94 77 91 93 
2,2-DPA 2 kg 56 84 76 68 83 57 
Spinnaker® 200 mL + Diuron 150 mL 78 55 76 67 77 87 
2,4-D-B 1.5 L 85 60 67 59 73 67 
Kerb 1.5 kg 93 91 96 94 95 92 
Dry matter (t/ha) unsprayed 2.4 2.3 2.6 2.5 2.5 1.6 
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Herbicide tolerance of some annual pasture legumes 
adapted to fine textured clay soils 
Clinton Revell and Ian Rose, Agriculture Western Australia, Northam 
KEY MESSAGE 
• Herbicide tolerance varies widely between species. 
• Frontier was very sensitive to bromoxynil, glyphosate, Gramoxone® and 2,2-DPA.  It was also 
moderately sensitive to Jaguar®, Spinnaker® and MCPA, with some cap acity for recovery. 
• Herald, Caliph and Santiago medics were very sensitive to Jaguar®, MCPA, bromoxynil, 
Gramoxone® and glyphosate. 
• Most cultivars showed reasonable tolerance to Raptor (half  rates) except Orion medic, 
Casbah biserrula and Prolif ic Persian clover. 
BACKGROUND 
Herbicides can play an important role in pasture management but there is considerable variation 
amongst species in their tolerance to herbicides.  Research in 1999 highlighted the need to account 
for soil type and seasonal variation as well as the timing of  herbicide application, grazing and the use 
of  herbicide mixtures.  Research in 2000 made some progress towards quantifying some of  these 
reactions for a range of  new annual pasture legume species.  
METHODS 
A replicated experiment was conducted near Dowerin, Western Australia in 2000 on a red clay loam 
pH (CaCl2) 6.3.  Pasture legume species included burr medic (Santiago), barrel medic (Caliph ), 
strand medic (Herald ), Persian clover (Persian Prolif ic ), balansa clover (Frontier ), biserrula 
(Casbah ) and gland clover (Prima).  The pastures were sown af ter a knockdown herbicide on 
27 June and maintained in a relatively weed-f ree condition to avoid confounding weed competition 
with herbicide reaction.  Herbicide treatments included p re-sowing applications of  Tref lan, 
pre-emergent applications of  diuron and metolachlor and post-emergent applications (22 August) of  
Broadstrike, Jaguar, MCPA, Tigrex, Spinnaker, simazine and Gramoxone®.  Pastures were 
sown with a cone seeder and sprayed plot area was 3 m2.  About 40 mm of  rain fell in the two weeks 
af ter the application of  post-emergent herbicides.  Plots were ungrazed and visually rated in 
September for ef fects on herbage production.  Seed yields were measured in December and this data 
is still being processed. 
RESULTS AND DISCUSSION 
There was considerable variation in herbicide tolerance between species.  Pasture growth and seed 
production was limited by dry seasonal conditions but ungrazed herbage production of  most cultivars 
(especially the early f lowering medics) exceeded 3 t/ha.  
Pre-emergence herbicides 
There were few problems associated with the use of  Tref lan® with little or no reduction in herbage 
except for Herald strand medic and Prolif ic Persian clover (Table 1).  Reductions in herbage were 
generally a consequence of  reductions in seedling density.  Applications of Spinnaker® resulted in 
moderate suppression of  most cultivars except Prima gland clover, which was notably tolerant.  All 
medics and Prima gland clover showed good tolerance to diuron but Casbah biserrula and the 
balansa and Persian clovers showed moderate sensitivity with a reduction in seedling density.  
Metolachlor appeared to cause some early stunting of  leaf  development in the Persian and balansa 
clovers but plants eventually recovered. 
Post-emergence herbicides 
Post-emergent herbicides were applied at the 6-8 leaf  stage of  the legume. Gramoxone® and 
glyphosate caused severe damage in all cultivars although most, with the exception of  Casbah 
biserrula, showed some recovery.  Medics were very sensitive to Jaguar®, bromoxynil and MCPA and 
f inal production was about 50% of  the unsprayed treatment.  The clovers also showed high levels of  
sensitivity to these herbicides although it is notable that Frontier balansa clover and Prima gland clover 
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have the best tolerance of  MCPA, which may be useful in a spray-graze system.  These clovers also 
showed acceptable tolerance to Tigrex®.  Applications of  Spinnaker® resulted in moderate levels of  
damage in all legumes but especially Casbah biserrula.  Raptor® has similar chemistry to Spinnaker® 
but showed better crop safety in this experiment.  However, the rate of  Raptor® used here was half  
the recommended rate.  Further work with Raptor® is warranted since even at half  rates weed control 
was acceptable.  The greatest sensitivity to Raptor® was evident in Casbah, Prolif ic Persian clover 
and Orion medic (data not shown).  Bromoxynil appears to be the safest broadleaf  herbicide for 
Casbah. 
On this soil type, most species appeared to be reasonably tolerant of  simazine, however, plants were 
well established at the time of  spraying.  Apart f rom Casbah biserrula, all species showed acceptable 
tolerance to Broadstrike® and oil, although plants were yellowed.  Tolerance was improved when the 
oil was replaced with Diuron but this may reduce the target weed spectrum.  All cultivars showed good 
tolerance to Verdict®.  2,2-DPA provided good grass suppression but all clover cultivars were severely 
damaged and failed to recover. Medics were less sensitive but still displayed some leaf  distortion. 
Table 1. Herbage production expressed as a percentage of unsprayed treatment for selected legume 
pasture cultivars measured on 12 September 2000 following herbicide application (days to 
first flower are shown in parenthesis) 
Species/cultivar 
Burr 
medic 
Barrel 
medic 
Strand 
medic 
Biserrula 
Persian 
clover 
Balansa 
clover 
Gland 
clover 
Herbicide (rate/ha) 
Santiago 
(71) 
Caliph 
(75) 
Herald 
(76) 
Casbah 
(100) 
Prolific 
(96) 
Frontier 
(85) 
Prima  
(90) 
Pre-sowing        
Treflan 2 L 87 92 62 83 74 81 90 
Post plant pre-emerg        
Spinnaker 300 mL 40 61 46 69 64 66 80 
Diuron 750 mL 87 88 78 63 66 73 84 
Metolachlor 500 mL 83 76 72 67 70 89 84 
Post emergence        
Broadstrike 25 g + oil 82 74 74 16 69 74 91 
Broadstrike 25g + Diuron 100 mL 80 98 94 15 81 83 94 
Glyphosate 400 mL 43 38 36 9 18 17 34 
Gramoxone® 500 mL 15 23 28 0 19 38 23 
Simazine 750 mL 93 96 93 83 84 78 78 
Jaguar 500 mL 25 22 29 51 24 50 34 
Tigrex 400 mL 32 39 57 47 61 78 76 
MCPA (amine) 1 L 29 19 26 28 37 55 58 
Spinnaker 300 mL 67 86 73 17 48 60 66 
Raptor 20 g 84 88 83 26 65 76 86 
Bromoxynil 1.5 L 28 28 21 75 11 29 32 
Verdict 100 mL + oil 87 81 70 80 87 93 84 
2,2-DPA 2 kg 64 70 63 55 41 48 48 
Kerb 1.5 kg 87 93 66 72 91 92 88 
Dry matter (t/ha) unsprayed 3.1 2.2 3.1 1.7 1.8 2.4 2.4 
CONCLUSION 
There is considerable variation amongst new pasture legume cultivars in their tolerance to commonly 
used herbicides.  This variation can be exploited with most cultivars appearing to have several op tions 
that can be used with relative safety. 
KEYWORDS 
pasture, legume, herbicide, weeds 
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Management of weeds for lucerne establishment 
Diana Fedorenko, Clayton Butterly, Stuart McAlpine, Terry Piper and David 
Bowran, Centre for Cropping Systems, Agriculture Western Australia, Northam 
KEY MESSAGE 
The application of  Dual Gold® and trif luralin immediately before seeding was associated with smaller 
populations of  ryegrass early in the season and greater populations of  lucerne at the end of  the spring.  
AIMS 
High populations of  herbicide resistant weeds produced during the cropping phase represent a major 
constraint to establishing pastures in phase farming systems.  As these systems evolve, during the 
pasture phase the approach to combat dryland salinity is to replace annual with perennial pastures to 
increase water use and lower recharge.  From the weed management perspective, however, the goal 
at that time is to eliminate existing populations of  herbicide resistant weeds.  Being a perennial, 
lucerne competes poorly with annual weeds at the beginning of  the growing season.  Therefore, one 
strategy to deal with the salinity and weed problems simultaneously is to f ind herbicides to be used 
during the pasture phase, which are not used in the cropping phase.  These herbicides must suppress 
weed populations without delaying lucerne growth and development.  The aim of  this experiment is to 
evaluate the ef fects of  10 herbicides on lucerne and ryegrass at the beginning of  the pasture phase.  
METHOD 
Participatory research 
In April 2000, Stuart McAlpine, one of  the primary farmers of  the Low Recharge Cropping Systems 
Project, approached the research team with several research needs.  As a result, he joined the team 
members in designing this experiment and making management decisions.  Stuart also managed the 
paddock as usual, except for weed control practices in the experimental area.  This experiment was 
established at ‘Cooinda’, the farm of  Stuart and Leanne, located west of  Buntine.  
Problem and strategy 
According to Stuart’s rotational program for the farming system, lucerne was sown in a paddock with a 
sandy loam soil.  Seeding was delayed until 4 Aug due to the late break of  the season.  Stuart knew 
that the soil seed bank was overloaded with herbicide-resistant ryegrass af ter a 3-year rotation of  
wheat-lupin-wheat.  The following herbicides were evaluated:  Broadstrike® @ 25 g/ha, Dual Gold® @ 
1 L/ha and Trif luralin @ 2 L/ha were applied immediately before seeding.  Propon® @ 1.5 kg/ha and 
Spinnaker® @ 0.2 L/ha on 14 Aug; and Jaguar® @ 0.5 L/ha, Kerb @ 1 kg/ha, Raptor® @ 0.25 kg/ha, 
Select® @ 0.25 L/ha and Tigrex® @ 0.5 L/ha when lucerne was at 4-leaf  stage. 
RESULTS 
Although the experiment is still to be completed, the results already analysed provide early indication 
of  the ef fect of  the treatments in biological terms, but economic issues and the availability of  the 
chemicals need also be considered. 
Effect of herbicides on lucerne 
Lucerne plant density (plants/m2) at emergence was similar in all plots.  However, during the 
experimental period plants died due to dry conditions:  in untreated plots plant density of  lucerne 
decreased f rom 24 to 4 and of  ryegrass f rom 260 to 80.  The f irst count af ter seedling emergence 
(6 September) showed that Dual Gold® and Spinnaker® did not af fect lucerne density, while Propon® 
and trif luralin reduced it more than 40%.  Despite these ef fects, by 18 October lucerne plant density 
was signif icantly higher in plots treated with trif luralin and Dual Gold® (Figure 1).  By 22 November the 
plant density of  lucerne was 12 in trif luralin, 7 in Dual Gold® and 3 in the rest of  the herbicides, 
although these dif ferences were not signif icant. 
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Figure 1. Plant density of lucerne 75 days after seeding. 
Effect of herbicides on ryegrass 
The ryegrass population was 50% lower in plots treated with Dual Gold® and nearly 70% lower in 
those exposed to trif luralin (Figure 2).  Propon® and Spinnaker® also suppressed ryegrass density, 
although not signif icantly (Figure 2).  The rest of  the herbicides did not af fect ryeg rass density.  
Ryegrass plants were large by the time that lucerne produced the 4 th leaf . 
 
 
 
 
 
 
 
 
Figure 2. Plant density of ryegrass 30 days after seeding a lucerne paddock. 
CONCLUSIONS 
Under the late-starting and dry growing conditions in which this study was carried out, it demonstrates 
that weeds and some herbicides interfere with lucerne early stages of  growth and development.  It 
also outlines some ef fective technologies for weed control at the beginning of  the pasture phase.  
Early application (before seeding) of  pre-emergent herbicides (i.e. Dual Gold® and trif luralin) 
signif icantly, yet not completely, decreased ryegrass density.  In addition, plant density of  lucerne at 
the end of  the growing season was higher in these treatments than in the rest.  
KEY WORDS 
lucerne establishment, ryegrass, herbicides 
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Management of weeds in the second year of lucerne 
Diana Fedorenko, Clayton Butterly, Stuart McAlpine, Terry Piper and David 
Bowran, Centre for Cropping Systems, Agriculture Western Australia, Northam 
KEY MESSAGE 
Diuron @ 1 L/ha and simazine at 1.1 kg/ha controlled capeweed more ef fectively and did not damage 
lucerne when applied before the break of  season.  Basta® @1.5 L/ha and glyphosate @ 0.6 and 
1 L/ha decreased plant density and aerial cover of  lucerne and delayed its growth af ter the break of  
season. 
AIMS 
The purpose of  this study is to generate technologies for weed management that will allow farmers to 
produce lucerne in a prof itable way and to lower recharge in dryland farming systems.  The goal 
during the pasture phase is to eliminate existing populations of  herbicide resistant weeds and to 
prevent the formation of  new generations.  The strategy is to apply during the pas ture phase, 
herbicides not used in the cropping phase, which will suppress weed populations without hindering 
lucerne growth and development.  Thus, the aim of  this experiment is to test 72 weed control practices 
on a lucerne pasture.  It is expected that these technologies will be part of  an integrated weed 
management program at a farming system level and that they will contribute to increase whole-farm 
prof itability and sustainability. 
METHOD 
Participatory research 
In April 2000, Stuart McAlpine, one of  the primary farmers of  the Low Recharge Cropping Systems 
Project, approached the research team with several research needs.  Thereaf ter, he worked with team 
members in designing this experiment and making management decisions.  Stuart also managed the 
paddock as usual, except for weed control practices in the experimental area.  This experiment was 
established at ‘Cooinda’, the farm of  Stuart and Leanne, located west of  Buntine.  
Problem and strategy 
Following a rotation canola-wheat, in 1999 Stuart established a lucerne pasture in a sandy soil with 
gravel underneath.  Capeweed was the main problem.  An experiment was designed to assess the 
ef fect of 72 treatments on lucerne and capeweed.  Each treatment consisted of  three factors:  
• Time of  application:  before and af ter the break of  season. 
• Type of  herbicide:  Basta® 20 L @ 1.5 L/ha, diuron @ 1 and 2 L/ha, Milestone 80® @ 
0.1 kg/ha, Propon® @ 3 kg/ha, glyphosate at 0.6 and 1 L/ha, simazine @ 1.1 kg/ha, 
Spinnaker® @ 0.3 L/ha, Spray Seed® @ 1 L/ha, Surf lan® @ 0.5 L/ha and Velpar® @ 
3.5 kg/ha. 
• Spring seed set control (herbicide, mowing and none).  
RESULTS 
The experiment is not near completion, neither its economic analysis.  However, the results already 
analysed are suf f icient to provide early indication of  the biological outcomes, which could be of  
practical importance for the season 2001. 
Effect of herbicides on lucerne 
On 16 May lucerne was in the transition between the vegetative and the reproductive phases and the 
population of  weeds was negligible.  As dry conditions continued, the pasture was attacked by rust.  
The disease did not af fect lucerne plant density, but the aerial cover was signif icantly reduced, the 
plots treated on 18 May (before the break of  season) being less af fected by the disease than the 
untreated plots. 
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More than 90% of  lucerne plants survived until the end of  the spring when herbicides were applied 
before the break of  season, and only 80% when applied af ter the break.  In plots treated before the 
break of  season, Basta® reduced plant density of  lucerne in > 30% and aerial cover in nearly 50%, 
while glyphosate @ 1 L/ha in 10 and 30%, respectively.  Af ter the break of  season, lucerne aerial 
cover increased between 50 and 80% in all plots treated in the second application, except in Basta®  
(30%) and glyphosate 0.6 L (10%). 
Effect of herbicides on capeweed 
Plant density and aerial cover of  capeweed decreased signif icantly when herbicides were applied 
before the break of  season:  Diuron and Simazine were the most and Basta the least ef fectiv e in 
controlling it (Figure 1, top).  This was probably because, being a non-residual herbicide, it was 
inactive by the time the growing season commenced. 
Figure 1. Changes in plant density of capeweed growing in a lucerne pasture in the second year of 
growth and treated with herbicides either before (top) or after (bottom) the break. 
Thus, af ter the break of  season, the addition of  Diuron 1 L on top of  Basta® suppressed young 
capeweed plants (Figure 1, top).  Adding 1 or 2 L Diuron/ha, equally controlled y oung and old plants of  
capeweed.  Applied af ter the break, Basta®, glyphosate 0.6 and Velpar® reduced capeweed to <  10% 
of  the initial density, and Spray Seed® to < 30% (Figure 1, bottom).  Propon®, Milestone 80®, 
Simazine, Spinnaker® and Surf lan® af fected neither the density nor the aerial cover of  capeweed 
(Figure 1 bottom).  Most residual weeds died af ter the application of  the spring treatments.  
CONCLUSIONS 
Capeweed density was reduced more ef fectively when the pasture was treated before the break of  
season.  However, the results also suggest several options to successfully deplete dense populations 
of  capeweed af ter the break of  season without damaging the lucerne pasture.  The ef fect of the spring 
treatments requires further analysis since this seems to be confounded by the ef fect of the dry season. 
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Residual effects of weed management in the third 
year of lucerne 
Diana Fedorenko, Clayton Butterly, Stuart McAlpine, Terry Piper and David 
Bowran, Centre for Cropping Systems, Agriculture Western Australia, Northam 
KEY MESSAGE 
Glyphosate @ 0.6 and 1 L/ha applied before the break of  season depleted the population of  weeds to 
< 10% and burnt lucerne plants severely.  However, four months later, these were the cleanest plots 
and lucerne tops had recovered.  Af ter the break of  season, Basta® @ 1.5 L/ha controlled most weeds 
without af fecting lucerne plant density and aerial cover.  
AIMS 
Implementing a program for strategic weed control is one of  the essential management practices to 
ensure the establishment, production and persistence of  lucerne during the pasture phase and, 
consequently, reduce the rising of  the watertable in dryland  farming systems.  In theory, the third year 
of  a lucerne pasture would be the last opportunity to deplete soil seed bank reserves of  weeds before 
the next cropping phase.  Therefore, besides considering the ef fect of weed control on lucerne growth 
and development, at this time it is important to also think about its ef fects on the establishment, 
production and quality of  the following crop.  The aim of  this experiment is to evaluate the ef fects of  72 
weed management practices on lucerne and weeds, and on two crops af ter the pasture phase. 
METHOD 
Participatory research 
In April 2000, Stuart McAlpine, one of  the primary farmers of  the Low Recharge Cropping Systems 
Project, approached the research team with several research needs.  Subsequently, he worked with 
team members in designing this experiment and making management decisions.  Stuart also 
managed the paddock as usual, except for weed control practices in the experimental area.  This 
experiment was established at ‘Cooinda’, the farm of  Stuart and Leanne,  located west of  Buntine. 
Problem and strategy 
In 1998, Stuart established a lucerne pasture on a sandy loam soil af ter f inishing the cropping phase 
with wheat.  The two f irst years of  the pasture phase, he battled to control capeweed, but the 
population steadily increased to reach problematic levels.  Also, as a result of  a wet summer 
1999-2000, there was a signif icant population of mintweed at the end of  autumn.  An experiment was 
designed to assess the ef fect of  72 treatments on lucerne and weed populations.  Each treatment 
consisted of  three factors: 
1. Time of  application:  before and af ter the break of  season. 
2. Type of  herbicide:  Basta® 20 L @ 1.5 L/ha, Diuron @ 1 and 2 L/ha, Propon® @ 3 kg/ha, 
Glyphosate at 0.4 and 0.6 L/ha, Simazine @ 1.1 kg/ha, Spinnaker® @ 0.3 L/ha, Spray Seed® 
@ 1 L/ha, Surf lan® @ 0.5 L/ha and Velpar® at 3.5 kg/ha. 
3. Spring seed set control (herbicide, mowing and none).  
The experiment was designed to allow monitoring of  the ef fect of each of  the 72 treatments on two 
crops in the growing season 2001. 
RESULTS 
Data collection, statistical and economic analyses are still to be completed.  However, information 
currently available may be useful to make weed management decisions for the season 2001.  
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Effect of herbicides on lucerne 
On 10 May, lucerne was at the beginning of  the reproductive phase (bud stage).  Plant density 
throughout the season varied little (Figure 1, top), in contrast to aerial cover (Figure 1, bottom).  Of  all 
herbicides, only glyphosate @ 1 L/ha applied on 17 May (before the break of  season) damaged 
lucerne:  on 3 August its aerial cover was still < 20%.  Despite plants being burnt severely, they 
reached 65% aerial cover on 24 October. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Effect of weed management in the third year of a lucerne pasture on plant density (top) and 
aerial cover (bottom) of lucerne. 
Effect of herbicides on capeweed and mintweed 
On 10 May, capeweed rosettes contained 10 to 30 green leaves.  Its density (61 plants/m 2) was 
similar in all plots, with 3-5% aerial cover.  Mintweed plants had 9 branches in average, the density 
(12 plants/m2) and aerial cover (10%) was alike in all plots, and the application of  herbicides 
accelerated the end of  the life cycle.  The populations of  ryegrass and doublegee throughout the 
experiment were very small. 
Time of  application did not produce significant differences on weed populations.  Nonetheless, 
capeweed density and aerial cover changed signif icantly af ter each herbicide application.  Glyphosate 
@ 0.6 and 1 L/ha applied before the break of  the season (17 May) caused more than 90% mortality 
and a reduction in aerial cover of  40-70%.  Plant mortality was only over 40% af ter the second 
application of  glyphosate 0.6 L (4 August), yet aerial cover was reduced in 60%.  Af ter the second 
application, both density and aerial cover decreased 90% in Basta® and 70% in Velpar®.  
CONCLUSIONS 
Glyphosate @1 L/ha could be a technology useful to clean the paddock and suppress lucerne growth 
for a suf f iciently extended period to facilitate satisfactory estab lishment of  the following crop using 
inter-cropping.  This and the other similar experiment on the second year of  lucerne have given 
dif ferent results under dif ferent soil types. Moisture stored in the soil prof ile or root depth of  lucerne 
could explain these dif ferences, but further data collection and processing is required to elucidate 
these ef fects. 
KEY WORDS 
lucerne, capeweed, herbicides, application time 
GRDC Project No.: DAW 659 
Paper reviewed by: Terry Piper and Richard Olive 
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Herbicide tolerance and weed control in lucerne 
Peter Newman, Dave Nicholson and Keith Devenish Agriculture Western Australia 
KEY MESSAGE 
• Spray.Seed® + simazine + diuron or Spray.Seed® + diuron controls a wide range of  weed 
species with minimal damage to established Lucerne pasture. 
• Lucerne appears to be sensitive to herbicides containing MCPA. 
AIMS 
To evaluate a range of  herbicide treatments to maximise weed control in established lucerne while 
minimising damage to the Lucerne stand. 
METHODS 
Site details 
1999  -  Lucerne pasture was established 16 June 1999 to Pioneer L69 and Salado.  
2000  -  The lucerne pasture (average 15 plants/m2) was crash grazed at the end of  July before 
herbicide treatments were applied.  
The paddock was de-stocked for f ive days prior to applying spray treatments. 
Plant size at time of  spraying:  Capeweed 10 to 15 cm in diameter, Doublegee f lowering (vining) and 
setting seed, under-sown Clover (mostly sub. clover) f lowering.  Lucerne had started to recover f rom 
the crash grazing and was growing vigorously. 
Location: Property of  John Stokes, Naraling (near Chapman Valley) 
Time of  spraying: 3 August 2000 
Spray water volume: 96 L/ha 
Replications: 3 
Treatments: 10 herbicide treatments were applied (see Table 1) 
Measurements: Weed suppression and lucerne damage ratings were taken 
Table 1. Herbicide treatments applied 
Treatment # Treatment description 
1 Nil 
2 Spray.Seed® 1.5L/ha + diuron 300 mL/ha + simazine 500 mL/ha 
3 Spray.Seed® 1.5 L/ha + diuron 1.5 L/ha 
4 Spray.Seed® 1.5 L/ha 
5 Glyphosate 1 L/ha 
6 Diuron 350 mL/ha + MCPA 400 mL/ha 
7 2,2-DPA 4 kg/ha+ Wetter 0.2% 
8 Spray.Seed® 1.5 L/ha + Dual 1 L/ha 
9 Jaguar® 1 L/ha 
10 Tigrex® 1 L/ha 
RESULTS 
Table 1 contains damage ratings for the dif ferent treatments on the lucerne, clover and weeds.  
Ratings are f rom 0-10 with 0 being no damage and 10 being severe damage. 
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Table 1. Damage ratings for weeds, clover and lucerne for range of herbicide treatments  
 Rated 24 August Rated 4 Oct. 
 Lucerne Clover Capeweed Doublegee Lucerne 
1 0 0 0 0 0 
2 0.7 2 7 5.3 1 
3 1 2.7 9 5.7 1 
4 1 2.7 5.3 3 1 
5 6.3 8.3 9.7 7.3 2.5 
6 5.7 2.3 4 3.7 5 
7 2.3 2.3 1.7 2 9 
8 2 1.7 3.3 4.3 3 
9 5.3 5 2.7 4 4 
10 9.7 4.3 6 3.3 8 
CONCLUSION 
The treatments that gave the best weed control with the least damage to the lucerne and sub . clover 
were Spray.Seed® + diuron + simazine (i.e. treatment 2) and Spray.Seed® + diuron (i.e. treatment 3).  
Spray.Seed® + diuron will give control of  a wide range of  grass and broadleaf  weeds.  This mix is 
particularly good for the control of  doublegees and capeweed. 
Weed control in the trial in general was less than optimal.  The weeds were very large when sprayed 
(i.e. doublegees vining).  For best results weeds should be no more than 6 weeks old when winter 
cleaning is carried out and grazed two weeks af ter spraying. 
Glyphosate initially appeared to be very damaging to lucerne.  However, lucerne plants recovered 
f rom the glyphosate treatments to be amongst the healthiest plants in the trial.  Glyphosate severely 
af fected the sub. clover plants.  It is likely that the excellent weed control observed with glyphosate 
and the early suppression of  the lucerne has led to moisture conservation, which has resulted in 
excellent recovery of  the lucerne in a dry winter. 
The tolerance of  the sub. clover to Spray.Seed® + diuron and Spray.Seed® + diuron + simazine is 
encouraging.  Sub. clover as an ideal companion pasture to have with lucerne because of  its tolerance 
to many of  the herbicides used in lucerne to control weeds.  These treatments caused some damage 
to the clover but it is likely that the clover can recover f rom this treatment and set adequate seed to 
maintain a reasonable clover stand in a continuous pasture system.  
Lucerne appears to be sensitive to mixture containing MCPA.  There was no treatment of  MCP A on its 
own but the diuron + MCPA and Tigrex® (which contains MCPA LVE + dif lufenican) treatments were 
very damaging to the lucerne.  Lucerne has acceptable levels of  tolerance to Jaguar®, which is useful 
where lucerne is established within a wheat or barley crop. 
KEY WORDS 
lucerne, weed control, herbicide tolerance 
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New herbicide options for canola 
John Moore and Paul Matson, Agriculture WA, Albany 
KEY MESSAGE 
Canola’s response to diuron 90%. 
AIM 
Ten trials were conducted between 1997 and 2000 at Merredin,  Newdegate, Katanning and Mt Barker 
Research Stations to investigate the ef fect of  a range of  herbicides including Diuron 90% on 
non-triazine tolerant Canola. 
RESULTS 
When less than 1000 g/ha of  Diuron 90% was applied pre planting, the yield of  Canola increased by 
140 kg/ha on average (p < 0.001) (Figure 1).  Yield increases ranged f rom 730 kg/ha to –280 kg/ha 
over the 10 trials.  Higher rates caused heavy yield losses with rates around 5 kg/ha of  Diuron 90% 
causing almost complete loss of  yield. 
The yield response did not appear to be due to weed control.  The yield increases depicted in Figure 1 
are the dif ferences in yield between the Diuron 90% treated plots and a weed f ree triazine tolerant 
control or a relatively weed f ree normal variety.  Also, rates of  Diuron between 250 and 500 g/ha gave 
similar yields to rates up to 1000 g/ha (Figure 1).  At 500 g/ha Diuron provided poor control of most 
common weeds apart f rom Crassula, Toad Rush and occasionally Capeweed.  Thus other factors 
such as nitrogen availability or disease control may be implicated.  Diuron may af fect the microbes 
involved in the conversion of  soil nitrogen or those causing disease.  This project has identif ied the 
ef fect and further research is required to determine the cause. 
Diuron is a soil residual herbicide that is absorbed through roots and shoots.  It is relatively immobile in 
soils but may move with mass f low of  soil or water into planting slots and consequently build up to 
concentrations high enough to kill the crop in some instances.  (With simazine, I have measured a 
5-fold increase in herbicide concentration in planting furrows af ter heavy rain.)  Sandy soils, heavy 
rainfall events af ter spraying or planting systems that place the crop in a furrow may lead to damage.  
It is therefore important to test diuron on local soils and with your planting machinery to assess the risk 
of  damage.  Other research has shown that the ef f icacy of diuron is generally additive with atrazine on 
weeds.  It is possible that the addition of  350 g/ha of  diuron 90% to 1 kg/ha of  atrazine 90% pre 
planting on a TT Canola may have the same ef fect as 1.35 kg/ha of  diuron alone which could be 
damaging.  This requires further investigation. 
If  diuron was used pre planting on Canola then many farmers would like to add a grass herbicide.  
Research has been limited but f rom the results available it would appear that diuron plus metolachlor 
(Dual®) works well followed by diuron plus trif luralin (Figure 2).  It is expected that dif ferent ratios of  
herbicide would be more appropriate than those tested in 1998 and combinations of  2L/ha Dual® or 
metalachlor 72% or trif luralin with 250 g/ha diuron 90% is likely to be a good mix providing reasonable 
grass control together with the diuron ef fect. 
The registration status of  Diuron applied pre planting is not clear, however permits for this specif ic use 
on normal varieties of  Canola have been sought. 
CONCLUSIONS 
Diuron 90% applied at 250 to 350 g/ha will usually provide a yield benef it in conventional varieties of  
Canola.  Because of  the nature of  Diuron, only a small area should be treated to determine if  your 
seeding system, soils and environment are conducive to crop damage.  It should not be used on TT 
tolerant varieties in combination with atrazine until further research is conducted. 
In Wild Radish infested areas, use a herbicide tolerant Canola variety. Diuron will not provide control 
of  Wild Radish without damaging the crop. 
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Limited trial data indicates that Dual®, metalachlor or trifuralin may be mixed with diuron witho ut 
adverse ef fects. 
Figure 1. Canola yield increases recorded after application of diuron pre planting. 
Yield increase calculated as the difference in yield between diuron treated plots and a weed 
free triazine tolerant control or a relatively weed free normal variety. 
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Figure 2. Pre plant grass herbicides in combination with diuron. 
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Unregistered pesticides and pesticide uses 
This paper reports the results f rom research where the product or reported use for the product is not 
currently registered.  Any discussion of  these uses does not constitute a recommendation for that use.  
All pesticide use must be in accordance with the registered uses for that product.  Use of  information 
contained in this paper is at the user’s own risk. 
GRDC Project No.: DAW 552 
Paper reviewed by: Dr S. Peltzer and Dr Terry Piper 
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Chemical broadleaf weed management in Peaola 
Shannon Barraclough and Lionel Martin, Muresk Institute of Agriculture, Curtin 
University of Technology, Northam, WA 6401 
KEY MESSAGE 
This study identif ied two f ield pea and canola cultivar combinations that enable broadleaf  weeds to be 
controlled chemically in Peaola.  They were IT canola cv. 44C71 intercropped with f ield pea cv. Laura 
treated with Imazethapyr [Spinnaker] at label rates applied pre-emergent and Non-TT canola cv. 
Monty intercropped with f ield pea treated with low rates [below label rates] of  Diuron.  
AIM 
Recent studies have conclusively shown that growing f ield pea as Peaola [intercrops of  f ield pea and 
canola] increases the prof itability and sustainability of land under f ield pea by improving the combined 
crop yield, lowering the incidence of  black pod disease, improving the harvestability and reducing the 
harvest losses and improving the strength of  the stubble of  f ield pea (Soetedjo, 1999).  Despite these 
advantages of  peaola compared to f ield pea, the adoption of  peaola by farmers in the WA grainbelt 
has been very slow due the dif f iculty in controlling broadleaf  weeds in the intercrop.  This  honours 
research project was undertaken to study the ef f icacy of several herbicides on the control of  broadleaf  
weeds in peaola. 
METHODS 
The experiment was conducted on the Research Farm, Muresk Institute of  Agriculture, Northam, 
Western Australia.  The experimental treatments were as follows:  
  1. Intercrop of  Field pea cv. Laura and Canola cv. Monty - untreated 
  2. Intercrop of  Field pea cv. Laura and Canola cv. Monty - Dif lufenican 
  3. Intercrop of  Field pea cv. Laura and Canola cv. Monty - Diuron 
  4. Intercrop of  Field pea cv. Laura and Canola cv. Karoo - untreated 
  5. Intercrop of  Field pea cv. Laura and Canola cv. Karoo - Cyanazine 
  6. Intercrop of  Field pea cv. Laura and Canola cv. Karoo - Metribuzin 
  7. Intercrop of  Field pea cv. Laura and Canola cv. 44C71 - untreated 
  8. Intercrop of  Field pea cv. Laura and Canola cv. 44C71 - Imazethapyr 
  9. Intercrop of  Field pea cv. Laura and Canola cv. 44C71 - Imazethapyr 
10. Pure Stand  of  Canola cv. Monty 
11. Pure Stand of  Canola cv. Karoo 
12. Pure Stand of  Canola cv. 44C71 
13. Pure Stand of  Field pea cv. Laura 
These treatments were arranged in a randomised block design with three replicates.  Sowing rates of  
100 kg/ha of  f ield pea and 6 kg/ha of  canola were used.  Measurements were taken on crop 
damage/vigour and the ef f icacy of herbicidal treatments, plant counts and dry matter yield of  weeds 
(broadleaf  and grass), dry matter yield and grain yield of  f ield pea and canola of  the component crops, 
and land equivalent ratio.  
RESULTS 
Results on the seed yield and dry matter yield only are presented in this paper.   Herbicide treatments 
had a signif icant ef fect on the grain yield of  f ield pea (Table 1).  
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Table 1. Grain yield (t/ha) of field pea, canola and total grain yield of intercrops 
Treatment Canola Field pea Intercrop 
Field Pea (cv. Laura) +  
Non-TT Canola (cv. Monty) - Untreated 
1.097cb 1.265 2.36ab 
Field Pea (cv. Laura) +  
Non-TT Canola (cv. Monty) - Brodal 
0.747b 0.896 1.64b 
Field Pea (cv. Laura) +  
Non-TT Canola (cv. Monty) - Diuron 
0.875cb 1.098 1.97ab 
Field Pea (cv. Laura) +  
TT Canola (cv. Karoo) - Untreated 
0.508b 1.095 1.60b 
Field Pea (cv. Laura) +  
TT Canola (cv. Karoo) - Bladex 
0.48b 0.994 1.47b 
Field Pea (cv. Laura) +  
TT Canola (cv. Karoo) - Lexone 
0.65b 0.801 1.45b 
Field Pea (cv. Laura) +  
IT Canola (cv. 44C71) - Untreated 
1.133cb 1.064  2.20ab 
Field Pea (cv. Laura) + 
IT Canola (cv. 44C71) - Spinnaker 
(pre-emergent) 
1.698ac 1.394 3.09a 
Field Pea (cv. Laura) + 
IT Canola (cv. 44C71) - Spinnaker  
(post-emergent) 
0.817b 0.869 1.69b 
Pure Stand - Non-TT Canola (cv. Monty) 2.208a - 2.21ab 
Pure Stand - TT Canola (cv. Karoo) 1.171cb - 1.17b 
Pure Stand - IT Canola (cv. 44C71) 1.782ac - 1.78b 
Pure Stand - Field Pea (cv. Laura) - 0.597 0.60c 
LSD (P = 0.05) 0.84 - 1.16 
Level of significance P < 0.05 NS P < 0.05 
[Values in column and between crops followed by the same letter are not significantly different (P  0.05) as 
determined by LSD]. 
The intercrop of  IT canola cv. 44C71 and f ield pea cv. Laura, treated with Spinnaker, applied 
pre-emergent, ef fectively controlled broadleaf  weeds without any adverse ef fects to either of  the 
component crops.  Diuron and Dif lufenican (Brodal) used at low rates on the intercrop of  f ield pea cv. 
Laura and canola cv. Monty ef fectively suppressed broadleaf  weeds, but reduced the grain yield of  
canola cv. Monty.  The untreated intercrop of  f ield pea cv. Laura and canola cv. Monty, and the 
application of  diuron at low rates (even though it caused minor crop damage), was still more 
productive, and ef f iciently suppressed broadleaved weeds, than all other crops.  
Broadleaf  weeds were ef fectively controlled, without any adverse ef fects  to either component crop.  
However, application timing is critical, post-emergent applications of  Spinnaker adversely af fected the 
peaola stands (Table 1).  The next best response came f rom the untreated intercrop of  f ield pea cv. 
Laura and canola cv. Monty.  This result could be attributed to early vigorous crop growth smothering 
weeds.   
Broadleaf  weed numbers were also signif icantly lower in the intercrops of  f ield pea and Monty treated 
with low rates of  Dif lufenican, and low rates of  Diuron, than all o ther treatments.  However, these 
weeds were only suppressed following the application of  Diuron and the grain yield of  canola cv. 
Monty was reduced. 
CONCLUSIONS 
Broadleaf  weeds in Peaola can be controlled by using herbicides.  Pre-emergent application of  
Imazethapyr [Spinnaker] at label rates did not have any adverse ef fect on either f ield pea cv. Laura 
or canola cv. 44C71 in Peaola stands.  This treatment gave the highest yields of  f ield pea, canola and 
crop combination.  Use of  IT canola in cropping systems will contribute towards extending the life of  
the group B herbicides. 
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Balance®  -  a new broad leaf herbicide for the 
chickpea industry 
Mike Clarke, Jonas Hodgson and Lawrence Price, Aventis CropScience 
KEY MESSAGE 
Aventis CropScience has developed a broadleaf  herbicide, Balance (750 g/kg isoxaf lutole) to aid the 
boadacre cropping systems which include chickpeas. 
Balance is not currently registered but is planned for release in the 2001 winter cropping season.  
Balance has a novel mode of  action not currently in use in Western Australian broadacre agriculture.  
This is a signif icant development for growers managing SU resistant wild radish. 
BACKGROUND 
Application 
In chickpeas, Balance will be applied as a post sowing, pre-emergent (PSPE) to bare, heavy textured 
soil af ter planting.  The proposed rate is 100 g/ha of  Balance applied alone or in mixture with simazine. 
Weed spectrum 
Balance is expected to be initially registered on Western Australian key weeds of  Indian hedge 
mustard, capeweed and wild radish plus key Eastern States weeds, prickly lettuce, sow thistle and 
Turnip weed.  Aventis CropScience is continuing development and plans to expand the label following 
the initial registration. 
Results across Australia over the last 4 years shows that Balance at 100 g/ha provides good broadleaf  
weed control.  The addition of  simazine improves particular broadleaf  weed control while simazine 
provides some grass weed suppression. 
Weed symptoms 
Many germinating seedlings fail to emerge if  exposed to Balance.  However, susceptible seedlings 
that do emerge quickly turn white and do not develop more than one or two leaves before dying.  
Because of  the xylem translocation of  Balance, bleaching symptoms f irst appear on leaf  edges and 
tips.  These symptoms are of ten strongest on new leaves.   
Mode of action 
Balance belongs to resistance group F but af fects a dif ferent enzyme to currently available Group F 
products.  Balance inhibits the enzyme 4-hydroxyphenyl-pyruvate dioxygenase (HPPD) reducing the 
production of  quinone.  This enzyme is required for carotenoid biosynthesis.   
The active ingredient, isoxaf lutole is rapidly converted to the active herbicidal metabolite, diketonitrile.  
Diketonitrile is readily translocated throughout the plant in both the xylem and phloem to meristematic 
and developing shoot tissues, which then fail to produce carotenoids.  
Soil moisture 
Balance is a pre-emergent soil residual herbicide.  Balance is applied directly to soil, af ter planting and 
just prior to crop emergence.  It is non-volatile, remaining stable on the soil even af ter a prolonged dry 
period. 
Both the shoots and roots of  emerging weeds absorb the herbicide.  Root absorption appears more 
important than shoot uptake. 
Balance uptake is correlated with water uptake with less weed control under drought conditions.  
Balance is not af fected by sunlight and degradation is slow if  moisture is not present.  Balance is 
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active for longer periods than conventional pre emergent herbicides.  Balance will ‘reactivate’ when 
rainfall occurs due to limited leaching and can control small susceptible emerged weeds.  
Crop safety chickpeas 
Weed f ree tolerance trials have demonstrated that Balance is safe to both Desi and Kabuli chickpeas 
when applied at 100 g/ha PSPE.  Chickpea establishment and grain yield were equal to untreated 
plots. 
Plant back will be restricted to cereals, chickpeas and corn.  Further data is being generated to def ine 
plant back restrictions for broadleaf  crops. 
WILD RADISH CONTROL 2000 
AIM 
To determine whether the addition of  simazine improves the ef f icacy of Balance.  
METHOD 
A f ield trial was established at Beverley, Western Australia on a red loam soil.  Balance at 75, 100 and 
150 g/ha was applied PSPE onto a cultivated site with no stubble.  Balance at 100 g/ha was tank 
mixed with simazine at 1.5 L/ha PSPE. 
RESULTS 
Table 1. The control of four broadleaf weeds by Balance in chickpeas 
 Wild radish 
(m-2) 
Indian hedge mustard 
(m-2) 
Capeweed 
(m-2) 
Doublegee 
(m-2)) 
Untreated 6.5 29.5 8 1.9 
Balance 75 g/ha 2.3 0 0 1.3 
Balance 100 g/ha 0.4 0 0 1.8 
Balance 150 g/ha 0.1 0 0 0.5 
Balance 100 g/ha + simazine 
1.5 L 
0.4 0 0 0.2 
Balance at 100 g/ha gave excellent control of Indian hedge mustard (100%) and capeweed (100%).  Balance at 
100 g/ha gave good control of wild radish (94%).  Doublegee required the addition of simazine at 1.5 L/ha.  
Demonstrations in chickpea crops across the State in 2000 confirmed the good broadleaf weed control from 
Balance and the benefits of tankmixing with simazine.  Trials showed that suppressed doublegees may regrow 
later in the season. 
CONCLUSIONS 
Balance at 100 g/ha plus simazine at 1.5 L/ha provides robust and reliab le control of  capeweed, Indian 
hedge mustard and wild radish. 
KEY WORDS 
balance, chickpea, wild radish, simazine 
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Marshmallow  -  robust herbicide strategies! 
Craig Brown, IAMA Agribusiness 
BACKGROUND 
Traditional herbicide mixtures for the control of  Marshmallow (Malva parviflora) have given variable 
results over the last 5 years.  Summer rainfall and a concerted ef fort by growers to control other 
competitive summer weeds has enabled the weed to f lourish in many areas of  the State.  Although 
generally conf ined to heavier soil types marshmallow is spreading due to its ability to tolerate typical 
spray regimes at this time of  the year.  
Marshmallow control has historically centred on a robust Glyphosate rate (greater than 800 mL/ha) 
and the addition of  an oxyf luorfen (Goal/Spark) type product.  These herbicides aid in the 
desiccation of  the plant but are only successful on very small weeds.  They have proven inef fective in 
situations where subsequent rainfall occurs soon af ter application.  Trials examining various rates and 
mixes of  Glyphosate, 2,4-D Ester, Goal®/Spark®, Af f inity®, Spray.Seed® and sulfonylurea herbicides 
attempted to provide robust and economic control recommendations.  
AIM 
To determine robust herbicide strategies for marshmallow control. 
METHODS 
A trial was established in autumn 2000 at Holt Rock.  Plots were 25 m long.  There were 3 replicates 
of  each treatment. 
The marshmallow population was composed of plants of which 80% were > 20 cm, 10% between 
10-20 cm and 10% 0-10 cm in diameter. 
Treatments were sprayed then brownout assessments made 7, 20 and 35 days af ter application of  
initial treatments.  At the Day 20 assessment plots were split and an additional application of  1 L/ha of  
Spray.Seed® was applied to half  of  each treatment.  The + and – Spray.Seed ® plots were scored 
separately 35 days af ter the initial treatment application.  
RESULTS 
Table 1. Brown-out/control ratings of different herbicide treatments 7,20 and 35 days after application 
(DAA) 
 
Treatment 
Cost 
$/ha1 
% b-out 
7 DAA 
% b-out 
20 DAA 
% 
Control 
35 DAA 
%Control 
+ Spray.Seed 
35 DAA 
Control 5.00 0 0 0 0 
Glyphosate 1 L/ha 6.26 5 10 18 27 
Goal® 150 mL/ha 11 45 30 14 19 
Glyphosate 1 L/ha + Goal® 150 mL/ha 26 85 50 45 62 
Glyphosate 1 L/ha + Goal® 75 mL/ha 7.63 80 50 47 68 
Affinity® 30 g/ha 9.00 35 25 40 13 
Glyphosate 1 L/ha + Affinity® 10 g/ha 8.00 70 35 23 37 
Glyphosate 1 L/ha + Affinity® 20 g/ha 11.00 80 50 49 67 
Glyphosate 1 L/ha + Affinity® 30 g/ha 14.00 80 50 50  64 
Glyphosate 1 L/ha + 2,4-D Ester 500m L/ha 9.00 25 85 59 89 
Logran® 35 g/ha 12.00 10 10 40 9 
Spray.Seed® 800 mL/ha + Goal® 150 mL/ha 13.89 90 35 0 16 
Glyphosate 1 L/ha + Goal® 150 mL/ha + 
Spray.Seed® 800 mL/ha (10 days after) 
 
18.56 
 
85 
 
80 
 
56 
 
68 
Lexone® 150 g/ha 5.50 15 10 0 7 
Glyphosate 1 L + Ester 500 mL + Goal® 150 mL/ha 15.26 65 85 68 96 
LSD 0.01  -  5.65; LSD 0.05  -  13.47; Coefficient of variation  -  11.79. 
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Ten mm of  rain was recorded 2 days af ter the initial herbicide application.  All treatments , but 
especially desiccant treatments in the trial would be expected to perform better without rainfall within 
10 days of  application. 
The price results recorded are based on the prices at the time of  application in 2000.  As such they are 
GST exclusive prices.  They also do not include the cost of  spray application.  
CONCLUSIONS 
Marshmallow control can be achieved without major modif ications to current summer spray regimes.  
Further research is required to ref ine recommendations based on herbicide mixes uti lised at that time 
of  the year.  New products f rom Group G are also being introduced to the market over the next two 
years, which require evaluation.   
The large cost of  controlling this weed is not viable for producers in the long term so timely control o f  
this weed with slight modif ications to current spray mixes will enable the most cost ef fective approach 
to ‘Toast’ marshmallow.  
GRDC Project No.: IAM4 
Paper reviewed by: Sam Taylor and Vanessa Stewart 
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Affinity DF  -  a prospective option for selective in-
crop marshmallow control 
Gordon Cumming, Technical Officer, Crop Care Australasia 
BACKGROUND 
Aff inity DF (400 g/kg carfentrazone-ethyl) has been specif ically formulated for maximum crop safety 
and as such will only be registered for post emergent use in cereals.  This new in-crop herbicide mode 
of  action chemistry (Group G) provides an additional option for broad -spectrum broad-leaved weed 
control and as a rotational tool in broad-leaved weed resistance management.  When used as 
recommended in a tank mix with MCPA amine the mix provides 2 modes of  action, Group G and 
Group I. 
AIMS 
With the commercial release of  Af finity DF at the beginning of  the 2000 winter season, the f ield trial 
program in WA concentrated on additional weeds that were not on the label,  in particular on Small 
Flowered Mallow (Malva parviflora).  This annual weed is becoming of  increasing importance in the 
wheat belt particularly with growers that have adopted reduced tillage seeding systems.  
METHODS 
Two trials were established (Pingrup and Borden) to evaluate Af f inity DF plus MCPA amine on two 
dif ferent sizes of  small f lowered mallow. 
Pingrup:  This trial represented a timely application when the bulk of  the target plants were between 
6 Leaf  (15 plants/m2) and 14 leaf  (3 plants/m2) or 5 to 15 cm in height and 21 plants/m2.  The crop 
(wheat var. Carnamah) was predominantly second and third tiller (Z22, Z23) with 83 plants/m 2. 
Borden:  This trial represented a later than ideal application timing, to place a maximum challenge in 
f ront of  all treatments.  The small f lowered mallow plants were well developed at 20 to 30 cm in height 
with a population of  49 plants/m2.  The crop (barley var:  Schooner), was predominantly three to f ive 
tillers (Z23, Z25) with 103 plants/m2. 
RESULTS AND DISCUSSION 
At both sites the action of  Af finity DF was extremely fast with 85% or greater brown out, 7 Days Af ter 
Application (DAA), compared with the standards which produced only 20% or less brown out by 7 
DAA. 
The f inal level of  small f lowered mallow control can been seen in Figure 1.  Af f inity DF at both sites 
provided 99 to 100% control, the standards varied between 40 to 85%.  
The results for Tigrex 600 mL at f irst look appear inconsistent with it providing a higher level of  control 
on the larger plants at Borden (73%) than on the smaller plants at Pingrup (40%).  The level of  crop 
competition can primarily explain this.  At Pingrup the wheat crop was thin and provided limited 
competition to the small f lowered mallow compared to the barley crop at Borden which was vigorous 
and provided a good level of  crop competition post spraying.  The Pingrup site was also showing some 
signs of  moisture stress at the time of  application. 
Whilst the assessment of  Af finity DF f rom Borden showed 99-100% control it was observed that there 
was the odd surviving small f lowered mallow plant in the Af f inity DF plots.  Typically these plants 
consisted of  a single new shoot f rom the crown up to 10 cm in length with a single f lower on it.  These 
plants were so inf requent as to not be captured in the assessment process with the exception of  the 
lowest rate (Af f inity DF 40 g/ha) with 3 shoots/m2, compared to the Untreated with 322 shoots/m2.  
These re-shoots were so small and inf requent as to pose no competition to the crop, and would have 
minimal ef fect on the amount of  seed being returned to the seed back.  
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mL/ha
Figure 1. Control of Small flowered Mallow (Malva parviflora) post-emergent in cereal crops. 
 
 
 
 
 
 
 
 
 
CONCLUSION 
Aff inity DF has demonstrated robust and reliable in crop control of  small f lowered mallow when used at 
40 to 50 g/ha plus MCPA amine at 500 mL.  The speed of  action and the f inal level of  control has been 
shown to be far greater than currently used standards.  
A registration claim for this use is being submitted to the National Registration Authority (NRA) and is 
expected to be approved for the 2002 winter season. 
Paper reviewed by: Richard Warner ‘Technical Manager, Herbicides’ Crop Care Australasia 
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A new formulation of Carfentrazone-ethyl for 
pre-seeding knockdown control of broadleaved 
weeds including Marshmallow 
Gordon Cumming, Technical Officer, Crop Care Australasia 
BACKGROUND 
Last season (winter 2000), Crop Care Australasia released the f irst herbicide based on carfentrazone-
ethyl into the Australian market.  Af f inity DF is a selective post-emergent herbicide for control of  
broadleaved weeds in winter cereals, in a tank mix with MCPA amine.  Late in 2001 a second 
herbicide based on this new active will be released known as ‘Hammer’, an EC formulation for use 
with non-selective knockdown herbicides on broadleaved weeds. 
AIMS 
The purpose of  this paper is to inform people of  the pending registrations for this new and exciting 
active and of  the results f rom last season’s f ield trials with carfentrazone-ethyl. 
CARFENTRAZONE-ETHYL 
Mode of action 
Carfentrazone-ethyl is a member of  the aryl triazolinone group (Group G) of  herbicides and is currently 
the only one that can be safely used in cereals.  This group of  chemistry is described as 
protoporhyrinogen oxidase inhibitors or ‘protox’ inhibitors, which are contact, non-systemic, herbicides. 
Protox inhibitors are rapidly absorbed through plant leaves and work by inhibiting the enzyme 
protoporhyrinogen oxidase in the chlorophyll biosynthetic pathway, which ultimately leads to cell 
membrane disruption and desiccation. 
At the recommended rates, carfentrazone-ethyl does not have any soil activity regardless of  soil pH 
and there are no crop rotation restrictions on the label.  
Carfentrazone-ethyl is not a Scheduled Poison. 
One active, two products 
Carfentrazone-ethyl has been formulated into two dif ferent products by Crop Care Australasia, to suit 
the needs of  both the selective in-crop market with Af f inity DF (400 g/kg carfentrazone-ethyl) and the 
knockdown herbicide market with Hammer EC (240 g/L carfentrazone-ethyl).  The EC formulation of  
Hammer can not be used for post-emergent broadleaved weed control in cereals due to a lack of  crop 
safety.  
Hammer EC 
Hammer EC (240 g/l carfentrazone-ethyl) is a new herbicide currently under review by the National 
Registration Authority (NRA) and due to be registered in August/September 2001 for use with non-
selective herbicides in the knockdown market.  
Hammer is a very fast acting contact herbicide that is highly ef fective at very low use rates.  When 
tank mixed with a knockdown herbicide (glyphosate or paraquat based) at 25-75 mL/ha it improves the 
control of  most broadleaved weeds particularly small f lowered mallow.  Hammer will increase the rate 
of  brownout of  broadleaved weeds and will assist in the control of  a range of  hard to control weeds 
including; Small f lowered mallow (Marshmallow), Paterson’s Curse (Salvation Jane), Sub. clover, 
Australian stonecrop (Crassula) and Chickweed. 
Hammer has many unique benef its.  One of  signif icant interest to the farming community is that it has 
no soil carryover and therefore no plant back restrictions.  In using Hammer, as opposed to alternate 
98 
spike options, you will receive improved ef f icacy on broadleaved weeds and have no plant back 
restrictions  -  a particular benef it when using prior to sowing legumes or oilseeds.  
HAMMER EC 2000 TRIAL PROGRAM 
The national trial program over the past couple of  years has focussed on gaining registration of  
Hammer with an initial weed spectrum of  Small f lowered mallow (Marshma llow), Paterson’s Curse 
(Salvation Jane), Sub. clover, Australian stonecrop (Crassula) and Chickweed.  It should be 
remembered that carfentrazone-ethyl has a very broad weed spectrum with activity on most 
commercially targeted broadleaved weeds. Work in the coming years will be undertaken to continue 
expanding the weeds on the label to include such weeds as Wild Radish, Spiney Emex (Doublegee), 
Capeweed and Volunteer Grain Legumes.  It is intended to have Hammer available for use in all 
knockdown situations where broadleaf  weeds are present. 
RESULTS AND DISCUSSION  
One trial was conducted in South Australia and two in Victoria to evaluate the use of  Hammer with the 
knockdown herbicide Touchdown Broadacre (TDB) for the control of  Small Flowered Mallow prior t o 
seeding.  The sites were selected as typical pre-seeding knockdown situations with mallow plants 
ranging in size f rom 8 to 20 Leaf  and between 10 to 30 cm in height.  
The result f rom TDB alone at 0.8 L/ha (23% control) and at 1.6 L/ha (66% control) was ex pected due 
to glyphosate having limited ef f icacy on this weed.  The Industry standard of  adding Spark®/Goal® at 
75 mL/ha increased the level of  control to (77%) and increasing the rate of  Spark to 150 mL resulted in 
82% control, although this rate is almost never used commercially. 
The addition of  Hammer at 21 mL/ha provided 84% control and increasing the rates to 42 mL/ha and 
75 mL/ha resulted in 91% and 94% control.  The envisioned f ield use rate of  25 to 50 mL/ha clearly will 
provide superior levels of  control to the standard of  Spark®/Goal® at 75 mL/ha.   
Figure 2. Small Flowered Mallow (Malva parviflora) control, averaged over three trial sites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSION 
Hammer has demonstrated a high level of  ef ficacy in a wide range of  situations part icularly where you 
require improved ef f icacy of broadleaved weeds and faster brownout when mixed with glyphosate as 
apposed to glyphosate alone. 
Work is continuing with this product to expand the number of  broadleaved weeds on the label, as well 
as its benef it for summer weed control and other uses as the potential of  carfentrazone-ethyl permits. 
Paper reviewed by: Richard Warner ‘Technical Manager, Herbicides’ Crop Care Australasia 
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Autumn applied trifluralin can be effective! 
Bill Crabtree, Scientific Officer, Western Australian No-Tillage Farmers Association 
KEY MESSAGE 
Trif luralin mixed with water, limesand or as a granule gave ef fective ryegrass control when applied 4 
and 2 weeks before seeding, without incorporation, with a narrow opener [no -tilled].  The granular 
trif luralin carrier only was more ef fective than the water carrier when applied 2 or 4 weeks before 
seeding, while the water carrier was more most ef fective when applied immediately before sowing and 
this did gave the best ryegrass control and grain yield.  This work suggests that farmers could consider 
applying trif luralin with solid carriers, particularly where thick stubbles exist and if  no rain falls between 
application and seeding.  There were three other trif luralin carrier trials adminis tered by WANTFA 
during the 2000 season and these will be presented through the WANTFA newsletter, conferences 
and website [www.wantfa.com.au]. 
AIM 
To test solid carriers ability to improve ryegrass control in thick stubble and at 2 and 4 weeks before 
seeding wheat.  Solid carriers include limesand and granules.  
METHOD 
The trial design was a complete factorial in randomised blocks and had randomised split blocks for 
plus and minus lupin stubble and each treatment was replicated three times.  
The trial compared three rates of  trif luralin (0, 500 and 1000 gai/ha) with three trif luralin carriers 
[60 L/ha of  water applied through a hand boom; 1.0 t/ha of  AgLime limesand; and 5% attapulgite clay 
granules).  There were 3 timings of  application (4, 2 and 0 weeks befo re sowing (WBS)).  The minus 
stubble blocks had the stubble removed on 8 May, 6 days af ter 6 mm of  rain and 2 days before a 
further 6.5 mm of  rain, with a stubble rake which reduced ground cover f rom 50-60% down to 10%.  
Sheep grazed the block during autumn, including af ter the trif luralin application, up until the week of  
seeding. 
The trial was conducted on Doug Kelly’s farm at Meckering.  The exact timing of  trif luralin application 
for 4, 2 and 0 WBS was 7 p.m. on 11 May, 3.45 p.m. on 24 May and 1 p.m. on 7 June.  Respectively, 
at the time of  application the air temperature was 9, 22 and 21C, relative humidity 88, 54 and 39%, 
wind velocity 5, 0 and 2.5 kph, cloud cover 50, 15 and 0%.  Soil moisture was moist, dry to 5 cm and 
dry to 5 cm depth and there was no dew present at any time of  application.  There was no rain f rom 
f irst application until 10 June; 3 days af ter seeding. 
Glyphosate was sprayed on 2 June at 2 L/ha.  Westonia wheat was sown using the Morris opener at 
80 kg/ha at 2.5 cm depth on 7 June in dry soil at a depth of  2.5 cm, the soil was slightly water 
repellent.  Tigrex® (500 mL/ha) and Lontrel® (300 mL/ha) were sprayed on 25 July.  
Plant counts for ryegrass and wheat were taken at 11 July (34 DAS) for all treatments, and ryegrass 
seed head counts were taken on 9 October (125 DAS).  Grain yield was collected with a small plot 
header. 
Soil tests taken before seeding showed nitrate N at 25 mg/kg, ammonium N at 2 mg/kg, P at 
13 mg/kg, K at 56 mg/kg, S at 5.3 mg/kg, Organic Carbon 1.03% and pH (CaC12) of  5.2. 
RESULTS AND DISCUSSION 
The presence of  lupin stubble decreased wheat emergence f rom 187 to 178 plants/m2 but increased 
wheat grain yield by 90 kg/ha (see Table 1). 
Wheat emergence was not af fected by trif luralin rate.  Increasing rates of  trif luralin f rom 500 to 
1,000 gai/ha increased ryegrass control f rom 44 to 62% for plant number and f rom 54 to 73% for seed 
head counts, which increased grain yield by 0.31 and 0.41 t/ha [or 25 and 33%] over the control (see 
Table 1). 
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Table 1. Effects of stubble, timing of trifluralin application, trifluralin rate and carrier on wheat 
emergence, wheat grain yield and ryegrass control 
 Wheat  
34 DAS  
 Ryegrass counts plants/m2 
34 DAS 
Seed heads 
125 DAS 
 Plants/m2  Furrow Ridge Total /m2 
Stubble       
Plus 178 1.58 120 117 237 106 
Minus 187 1.49 143 112 256 104 
LSD at 5% 9 0.05 22* 28* 23* 12* 
P-value 0.03 0.03 0.74 0.11 0.41 0.54 
TimingA       
4 WBS 186 1.56 116 93 210 86 
2 WBS 185 1.58 144 106 251 85 
0 WBS 183 1.66 86 66 152 69 
LSD at 5% 13* 0.06 31 35* 61 17* 
P-value 0.94 0.03 < 0.01 0.07 0.01 0.09 
RateB       
      0 174 1.24 203 231 435 217 
  500 185 1.55 137 107 244 100 
1000 184 1.65 94 70 164 60 
LSD AT 5% 11* 0.06 26 34 28 15 
P-value 0.34 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 
Carrier       
Granules 184 1.58 104 81 185 78 
Limesand 185 1.63 100 74 174 55 
Water 185 1.59 143 110 253 107 
LSD 13* 0.08* 31 35* 61 17 
P-value 0.99 0.49 0.01 0.11 0.02 < 0.01 
A  WBS  -  applied 0, 2 or 4 weeks before sowing. 
B  Rate  -  gai/ha. 
C  LSD  -  5%. 
Trif luralin was most ef fective when applied immediately before seeding.  However, most ryegrass 
counts showed no dif ference between the 2 and 4 week delay in incorporation.  Total ryegrass counts 
at 34 DAS were, surprisingly, not signif icantly different between 0 and 4 week delay between 
application and incorporation. 
Limesand and granular trif luralin carriers gave similar ryegrass control.  When averaged they gave 40, 
41 and 66% better overall ryegrass control [at 500 and 1,000 gai] than the water carrier for furrow, 
total and ryegrass seed head numbers.  This, however did not transpire into grain yield increases (see 
Table 1).  Perhaps some trif luralin toxicity occurred in wheat, although initial emergence suggests not!  
Removing the stubble increased ryegrass control in the furrow and ridge by 25 and 65%  -  when no 
trif luralin was applied (Table 2).  However, when trif luralin was applied its ef f icacy was increased by 
retaining stubble by 40 and 25% for in the furrow and on the ridge.  None of  these ef fects increased 
grain yield.  The raking process acted as an autumn tickle weed stimulation  -  as rain fell af ter the 
raking.  It is interesting to note that while the tickle did reduced ryegrass numbers (when no herbicide 
was applied) it made trif luralin less ef fective on ryegrass weed control and resulted in more weeds 
germinating in the crop  -  with some rates and measurements. 
Grain 
yield 
t/ha 
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Table 2. Interaction between stubble and trifluralin rate on wheat emergence, grain yield and ryegrass 
control 
  Wheat  
34 DAS 
 Ryegrass counts plants/m2. 
34 DAS 
Seed heads 
125 DAS 
  Plants/m2  Furrow Ridge Total /m2 
Stubble RateB       
Plus 0 173 1.24 227 288 515 217 
Plus 500 180 1.60 117 111 228 98 
Plus 1000 179 1.71 75 47 122 65 
Minus 0 175 1.24 180 175 355 218 
Minus 500 190 1.49 157 104 261 103 
Minus 1000 190 1.59 113 93 206 54 
 LSDc 15* 0.09* 37 48 39 21* 
 P-value 0.88 0.29 0.01 < 0.01 < 0.01 0.54 
A  WBS  -  applied 0, 2 or 4 weeks before sowing. 
B  Rate  -  gai/ha. 
C  LSD  -  5%. 
The high rate of  applied trif luralin rate [1,000 gai/ha] gave equal control at all timings of  application 
(71% control with seed head numbers).  However, the 500 gai/ha rate of  trif luralin lost ef fectiveness of  
ryegrass seed head control with increasing delay f rom 0, 2 and 4 WBS of  65, 47 and 51% c ontrol 
[P < 0.05, lsd = 8%].   
At 4 WBS the granule carrier gave the greatest ryegrass control, signif icantly better than the water 
carrier in the furrow (but not limesand).  The limesand carrier didn’t provide signif icantly better 
ryegrass control than the water carrier in the furrow (see Table 3).  Water as a carrier became less 
ef fective with delayed no-till incorporation, while the limesand and granule carriers maintained their 
ef fectiveness throughout delays in incorporation.  This was also ref lected in the grain yields, which 
were only signif icant at the 10% level of  signif icance. 
Table 3. Effect of interaction between timing of trifluralin application and carrier on wheat emergence, 
grain yield and ryegrass control 
  Wheat  
34 DAS 
 Ryegrass counts plants/m2 . 
34 DAS 
Seed heads 
125 DAS 
  Plants/m2  Furrow Ridge Total /m2 
TimingA Carrier       
4 Granules 184 1.62 91 73 163 65 
4 Limesand 180 1.53 110 80 190 77 
4 Water 193 1.52 148 127 275 115 
2 Granules 186 1.52 115 91 206 90 
2 Limesand 186 1.67 117 89 207 52 
2 Water 183 1.57 200 139 339 114 
0 Granules 183 1.59 106 80 186 80 
0 Limesand 189 1.68 73 53 126 36 
0 Water 178 1.70 80 64 145 91 
 LSD  23* 0.14* 53 61* 106* 30* 
 P-value 0.70 0.09 0.04 0.54 0.17 0.08 
A  WBS  -  applied 0, 2 or 4 weeks before sowing. 
B  Rate  -  gai/ha. 
C  LSD  -  at  5%. 
CONCLUSION 
Solid carriers of fer new scope in ryegrass control, especially with minimal autumn rain before seeding 
and with seeds on the surface.  They allow potentially ef fective ryegrass control when applied in 
stubble during the autumn without tillage and rainfall.  This is a new demonstration and of fers potential 
benef its to WA farming cropping systems.  The dry f inish to the season possibly did not allow the site 
to express the full benef it f rom weed control.  A similar trial should be repeated this year into wheat 
stubble.  
ACKNOWLEDGMENTS 
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Which knockdown herbicide for small ryegrass? 
Peter Newman and Dave Nicholson, Agriculture Western Australia 
KEY MESSAGE 
• Spraying half  to one leaf  ryegrass with Spray.Seed® or glyphosate will not give reliable control 
of  ryegrass. 
• The same is likely to occur for other grass weeds with the same or larger seed size.  Weeds 
such as wild oats and brome grass have a large seed size and have been known to recover 
f rom Spray.Seed® when sprayed up to the one and a half  leaf  stage.  
• If  spraying grass with Spray.Seed® when the wheat is at the half  leaf  stage it is necessary for 
the grass to have at least one and a half  leaves before acceptable levels of  control can be 
expected. 
AIMS 
To evaluate which knockdown herbicide is most ef fective at controlling half  to one leaf  ryegrass.  
METHODS 
Location: Property of  Dave and Bev Brindal, Mingenew 
Spray water volume: 96 L/ha 
Replications: 3 
Table 1. Herbicide treatments applied at two times of spraying 
Timing 1 (T1) 21 June Timing 2 (T2) 5 July 
1.  Nil 1.  Nil 
2.  Roundup Xtra® 700 mL/ha 2.  Glyphosate 450 750 mL/ha + wetter 0.2% 
3.  Spray.Seed® 750 mL/ha 3.  Spray.Seed® 1 L/ha 
T1 (Sprayed 21 June)  -  ryegrass  -  half to one leaf growth stage. 
T2 (Sprayed 5 July)   - ryegrass  -  one to three leaf growth stage; wheat  -  one leaf growth stage.  Half of the trial 
area was sown to wheat on 23/6. 
RESULTS 
Table 2 contains shows the results of  the three treatments at both times of  spraying (T1  -  21 June; 
T2  -  5 July).  The results show that there was no signif icant dif ference in ryegrass numbers between 
plots where wheat was sown and where wheat was not sown. 
Table 2. Ryegrass plants/m2 and control for three spray treatments at two times of spraying 
Spray treatment 
Wheat not sown 
ryegrass/m2 
Wheat sown 23/6 
ryegrass/m2 
% Ryegrass  
control 
T1 Nil 1110 1297 0 
T1 Glyphosate 790 787 35 
T1 Spray.Seed® 1003 823 24 
    
T2 Nil 1023 1047 0 
T2 Glyphosate 63* 100* 92 
T2 Spray.Seed® 120* 63* 91 
LSD 415 415  
* These spray treatments achieved approximately 100% control of the ryegrass but there was another 
germination of grass after spraying at T2. 
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CONCLUSION 
Spraying ryegrass at T1 when grass was at the half  to one leaf  stage resulted in poor grass control 
with either Spray.Seed® or glyphosate.  This is likely to have been due to the grass not taking up 
glyphosate and the grass recovering f rom the Spray.Seed® scorch.  Close observation of  
Spray.Seed® plots at T1 revealed that the herbicide had burnt the tip of  the grass but the grass had 
managed to push through a healthy leaf  f rom the still existing seed reserves.  
Spraying ryegrass at T2 when the grass was at the one to three leaf  stage resulted in a complete kill 
for both SpraySeed® and glyphosate treatments.  More rainfall af ter spraying at T2 resulted in another 
germination of  grass that was present at the time of  counting.  
The wheat was at the one full leaf  stage at the T2 time of  spraying.   The majority of  this wheat appears 
to survive being sprayed with Spray.Seed® but died where glyphosate was sprayed.  
KEY WORDS 
ryegrass, knockdown, Spray.Seed®, glyphosate, seed reserves, wheat  
Paper reviewed by: John Moore 
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Poor radish control with Group D herbicides in 
lupins 
Peter Newman and Dave Nicholson, Agriculture Western Australia 
KEY MESSAGE 
Group D herbicides applied post seeding, pre-emergent did not control wild radish. 
AIMS 
To explore the potential for the use of  Group D herbicides applied po st seeding, pre emergent to 
lupins as an alternative to the commonly used herbicides for wild radish control.  
METHODS 
Location: Mullewa Research Station 
Time of  sowing: 9 June 2000 
Spray water volume: 96 L/ha 
Replications: 3 
Weed control: Pre-sowing herbicide  -  Simazine 2 L/ha + Knockdown 
RESULTS 
Table 1. Plant counts for a range of herbicide treatments (+) and (-) incorporation with harrows 
Treatment 
Radish/m2 
Cohort #1 
Radish/m2  
cohort #2 
Ryegrass/m2 Lupins/m2 
(rate L/ha) (+) 
incorp 
(-) 
incorp 
(+) 
incorp 
(-) 
incorp 
(+) 
incorp 
(-) 
incorp 
(+) 
incorp 
(-) 
incorp 
Nil  5 2.8 5.5 4.4 6.1 11.1 28 26 
Pendimethalin 2 L 3.9 3.3 7.2 10 1.7 11.7 22 23 
Pendimethalin 4 L 5 0 11.1 5.6 2.2 4.4 27 24 
Pendimethalin 6 L 3.9 1.7 8.3 5.6 3.3 6.7 20 16 
Trifluralin 2 L 3.9 2.8 7.8 5.6 2.2 6.1 22 22 
Trifluralin 4 L 3.9 1.7 4.4 12.2 0.6 1.7 36 22 
Trifluralin 6 L 4.4 2.2 5.5 5 1.7 4.4 26 22 
LSD NS NS NS NS 3.97 3.97 NS NS 
Note:  NS refers to no significant difference p < 0.05. 
There was no significant difference between (+) and (-) incorporation of herbicide except for ryegrass where there 
were significantly more ryegrass/m 2 for (-) than (+) incorporation. 
CONCLUSION 
The theory behind group D herbicides such as pendimethalin or trif luralin controlling wild radish is 
based on the fact that wild radish cotyledons are unprotected as they emerge.  Therefore, it is possible 
that the cotyledons absorb herbicide that is applied as an undisturbed f ilm to the soil surface.  Group D 
herbicides are however, volatile and must be incorporated into the soil surface.  This incorporation 
disturbs the f ilm of  herbicide.   
Where the herbicides were incorporated, the herbicide treatments achieved between 46% and 90% 
ryegrass control.  This level of  control was signif icantly higher than for unincorporated treatments.  The 
data suggests that the incorporation process itself  has achieved a level of  ryegrass control in the 
absence of  any herbicides.  However, it is possible that this is as a result of  the incorporated area of  
the trial having a lower ryegrass population than the un-incorporated area. 
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There was no dif ference in wild radish numbers between herbicide treatments.  Wild radish were 
counted in two cohorts (i.e. cohort 1 germinated immediately af ter sowing, cohort 2 germinated 
approximately two weeks later) to determine if  the group D herbicides had some activity on the radish 
before the herbicide volatilised.  There is some evidence that pendimethalin at 4 L/ha had some 
activity on the radish where it was not incorporated.  However, this  result was not signif icant. 
It may be possible that these herbicides have the ability to kill wild radish if  there is a means of  
applying the herbicide in an undisturbed f ilm over the soil surface without the herbicide volatilising.  A 
less volatile formulation of  group D herbicide such as oryzalin, or applying group D herbicide with a 
carrier such as lime sand that reduces its volatility may be what is needed to achieve control of  wild 
radish with group D herbicides. 
KEY WORDS 
wild radish, pendimethalin, trif luralin, lupins 
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Distribution and incidence of aphids and barley 
yellow dwarf virus in over-summering grasses in the 
WA wheatbelt 
Jenny Hawkes and Roger Jones, CLIMA and Agriculture Western Australia 
KEY MESSAGES 
• A large-scale survey in 2000 in the Western Australian wheatbelt found widespread infection 
with barley yellow dwarf  virus (BYDV) in over-summering perennial and annual grasses.   
• BYDV infection was spread throughout rainfall zones but was higher than expected in low to 
medium rainfall areas.  When sites were categorised according to actual rainfall data 
(November to April 1999/2000) rather than by rainfall zone, virus incidence corresponded with 
amount of  rainfall.   
• The majority of  aphids were found on annual, rather than perennial, grass species and in areas 
that had received between 200 mm and 300 mm rainfall between November and April 
1999/2000.   
• The magnitude and proximity to crops of BYDV infected grasses are key factors in predicting 
the likelihood of  yield losses f rom BYDV in cereals in specif ic regions. 
BACKGROUND 
Barley yellow dwarf  virus poses major limitations  on grain yields in wheat, barley and oats in high 
rainfall agricultural zones of  Western Australia (WA).  It is spread in cereals by aphid s, in particular the 
oat aphid (Rhopalosiphum padi) and in barley also by the maize aphid (R. maidis).  The virus is not 
seed-borne as some viruses are, so must survive over summer in green plant material.  In the WA 
wheatbelt perennial grasses surviving the summer in road-side ditches, irrigated gardens, soaks and 
at the edge of  creeks, act as the main reservoirs of  infection f rom which BYDV epidemics start at the 
beginning of  the growing season.  We know that the amount of  pre-growing season rainfall plays an 
important role in determining how early aphids arrive in a crop.  High pre-season rainfall leads to 
growth of  grasses, which in turn leads to aphid build up and early f lights to crops.  However, early 
arrival and high aphid numbers do not necessarily lead to epidemic levels of  BYDV as the proportion 
of  incoming aphids carrying virus is dependent upon the amount of  infected grass material available 
for them to feed on before f lying into crops.  Information was therefore sought on the magnitude of  
BYDV-infected grass reservoirs throughout the wheatbelt over summer.   
METHODS 
Between late January and early April 2000, a large-scale survey was done to ascertain the magnitude 
of  the BYDV reservoir and extent of  aphid survival in the wheatbelt over summer.  Seven trips 
encompassed sites f rom Geraldton to Esperance and each trip included sites in all rainfall zones.  
Where possible, 100 shoots of  each grass weed species found were collected at every site (stopping 
approximately every 30 km).  The majority of  samples were collected f rom roadside verges adjoining 
cultivated f ields.  A total of  275 annual and perennial grass samples (at least 50 individual shoots = 
1 sample/species) were collected f rom 190 sites in dif ferent rainfall and geographical zones.  Of  these, 
30%, 48% and 21% of  samples were collected f rom the high, medium and low rainfall zones 
respectively.   
The samples were stored in eskies and transported to Agriculture Western Australia’s Plant Virology 
laboratory at South Perth for virus testing.  Likely perennial host grass species (Couch, Paspalum, 
Kikuyu, African Lovegrass and Veldt grass) were tested for all four serotypes of  BYDV, whilst samples 
of  all other species were tested for PAV/MAV serotypes only.  The presence of  BYDV in grass species 
was detected using Tissue Blot Immunoassay (TBIA) with virus-specif ic antiserum.  The presence of  
aphids was assessed in situ on 25 plants of  each species at each site (10 cm growing tip of  one tiller 
or shoot/plant).  If  no aphids were found, a single plant was removed f rom the ground (roots and all) 
and placed in a bag for further assessment of  any aphids in the laboratory.   
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THE KEY RESULTS 
BYDV incidence 
A total of  32% of  all sites and 24% of  all samples were infected with BYDV, with surprisingly little 
variation in extent of  infection between rainfall zones; 27% of  high rainfall zone, 22% of  medium 
rainfall zone and 26% of  low rainfall zone samples were BYDV-infected.  When sites were categorised 
according to actual rainfall data (November to April 1999/2000) rather than by rainfall zone, 60% of  
samples f rom the > 400 mm, 42% from 300-400 mm, 18% from 200-300 mm and 22% from 
100-200 mm zones, were BYDV-infected.  Grass species with the highest levels of  infection were the 
perennial species Couch grass (Cynodon dactylon), African Lovegrass (Eragrostis curvula), and 
Kikuyu (Pennisetum clandestinum), and two annual windmill grasses, Chloris virgata and C. truncata.   
Aphid survival 
A total of  22% of  sites were found to be supporting aphid populations, including some colonies that 
were very densely populated.  When these sites were categorised according to actual rainfall data 
(November to April 1999/2000), 1% were in areas with > 400 mm, 7% in 300-400 mm, 11% in 
200-300 mm and 3% in 100-200 mm areas.  The majority of  aphids were found on annual, rather than 
perennial, grass species and 50% of  the total number of  sites found with aphids were in areas that had 
received between 200 mm and 300 mm rainfall f rom November to April 1999/2000.  The primary 
species of  aphid that was found was identif ied as Hysteroneura setariae.  This species is not recorded 
as a vector of  BYDV but experiments are being done to determine its virus transmission ef f iciency with 
four dif ferent strains of  BYDV.  H. setariae may play a role in infecting new grass plants over summer 
even if  it is not a signif icant virus disease vector in cereal crops within the growing season.  Few of  the 
primary BYDV vector cereal aphids, Rhopalosiphum padi or R. maidis, were found on over-summering 
grass species.  
CONCLUSION 
The over-summering survey in 2000 provided vital information on the distribution and incidence of  
aphids and BYDV on grasses in the WA wheatbelt.  Larger than expected virus reservoirs were found 
throughout all rainfall zones of  the wheatbelt.  When virus test results were categorised according to 
actual rainfall (November 1999 to April 2000) amount of  rainfall corresponded better than rainfall zone 
with actual virus incidence.  The over-summering survey is being done again in 2001 to determine if  
the size of  the over-summering virus reservoir varies f rom year to year.  
Aphids were found on about one quarter of  all grass samples, the majority of  these being annual 
species.  It is thought that these grasses are less important than perennial species in acting as virus 
sources for spread directly into crops during the growing season, as most would not survive long 
enough.  However, annual grasses are still important in maintaining aphid populations and virus 
reservoirs during the summer, and can act as a source for virus spread to healthy perennial grass 
plants.   
The information gained f rom the 2000 and 2001 over-summering surveys will be used in ref ining the 
BYDV forecasting model and decision support system for insecticide use being developed by  
Dr Debbie Thackray (UWA 234 and DAW 609).  The model currently works well for the high rainfall 
zone but over-estimates spread for the medium and low rainfall zones.  This overestimation is due to 
the need to quantify the over-summer virus reservoirs in grasses in these areas and account for this 
factor in the model.  The magnitude and proximity to crops of BYDV-infected grasses, in addition to 
the amount of  pre-season rainfall, are thus key factors in predicting the likelihood of  yield losses f rom 
BYDV infection for the region concerned.   
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e-weed 
Vanessa Stewart, Agriculture Western Australia 
KEY MESSAGES 
• To receive e-weed direct send your e-mail address to e-weed@agric.wa.gov.au. 
• To obtain e-weed by fax dial:  190 229 0533 and follow prompts. 
BACKGROUND 
e-weed is a regular electronic newsletter that provides information on weed management issues 
throughout the growing season. 
E-WEED 
e-weed was formally weedfax.  In 2000 it was decided to make e-weed available by both e-mail (at no 
charge) and by poll fax (cost 50¢/minute). 
15 editions of  e-weed were written in 2000.  They covered a broad range of  weed related topics 
including herbicide recommendations, herbicide uses and timings, GMO crops, herbicide resistance, 
integrated weed management, crop variety herbicide tolerance, pasture management options, seed 
set management and information on new products or new product uses. In all over 75 articles on weed 
topics were written.  This excludes editorial comment and information on interesting websites or 
upcoming seminars/f ielddays/events of  interest.  
Distribution 
e-weed was distributed directly by e-mail to over 400 individual subscribers.  This includes 
approximately 160 farmers, 100 agronomists/resellers, 30 consultants, 80 extension and research 
specialists and 40 chemical company representatives.  Not captured in these distribution f igures are 
the people to whom e-weed was regularly forwarded or those who accessed e-weed by fax. 
Contributions 
Suggestions for topics to cover are always welcome.  We also welcome contributions f rom those who 
have information of  interest to present.  Proper acknowledgment will be made of  the source.  
Problems 
A few problems were encountered with people having very small (240 kb) mailbox size limits.  If  the 
mailbox was full e-weed could not be delivered. 
Future plans 
In 2001 it is planned that all editions of  e-weed will be available on agweb.  Details of  the web address 
will be advised in a future edition of  e-weed when f inalised. 
Subscription 
If  you do not currently receive e-weed and would like to be added to the e-mail distribution list please 
e-mail your details to: 
e-weed@agric.wa.gov.au 
or 
fax them to e-weed editor (08) 9041 1138 
or 
mail to: e-weed editor 
  Dryland Research Institute 
  PO Box 432 
  Merredin   WA   6415 
Paper reviewed by: Terry Piper 
110 
 111 
CONTRIBUTING AUTHOR CONTACT DETAILS 
Name Organisation Location Phone E-mail 
Barrett-Lennard, Robert WAHRI Nedlands (08) 9380 787- rbrtlnrd@cyllene.uwa.edu.au 
Blackwell, Paul Agriculture Western Australia Geraldton (08) 9956 8555 pblackwell@agric.wa.gov.au 
Bowran, David Agriculture Western Australia Northam (08) 9690 2000 dbowran@agric.wa.gov.au 
Brown, Craig SBS IAMA Hyden (08) 9880 5092 cbrown@iama.com.au 
Cheam, Aik  Agriculture Western Australia South Perth (08) 9368 3241 acheam@agric.wa.gov.au 
Clarke, Mike Aventis  Aventis 0408 637 789 mike.clarke@aventis.com 
Collins, Mike Agriculture Western Australia Northam (08) 96902000 mcollins@agric.wa.gov.au 
Crabtree, Bill WANTFA Northam (08) 9622 3395 bill.crabtree@wantfa.com.au 
Cumming, Gordon Crop Care Australasia York 0407 483 941 Gordon.Cumming@cropcare.com.au 
Dhammu, Harmohinder Agriculture Western Australia Northam (08) 9690 2000 hsdhammu@agric.wa.gov.au 
Ellery, Amanda CSIRO Floreat (08) 9333 6298 a.ellery@ccmar.csiro.au 
Fedorenko, Diana Agriculture Western Australia Northam (08) 9690 2000 dfedorenko@agric.wa.gov.au 
Hashem, Abul  Agriculture Western Australia Merredin (08) 9081 3111 ahashem@agric.wa,gov.au 
Hawkes, Jenny Agriculture Western Australia South Perth (08) 9368 3333 jhawkes@agric.wa.gov.au 
Hodgson, Jonas Aventis Aventis 0408 913 040 jonas.hodgson@aventis.com 
Jones, Roger Agriculture Western Australia South Perth (08) 9368 3333 rjones@agric.wa.gov.au 
Llewellyn, Rick WAHRI, UWA Nedlands (08) 9380 2536 rllewell@agric.uwa.edu.au 
Martin, Lionel Muresk Northam (08) 9690 1551 Lionel.Martin@curtin.edu.au 
Monjardino, Marta WAHRI, UWA Nedlands (08) 9380 2536 mmonjard@agric.uwa.edu.au 
Moore, John Agriculture Western Australia Albany (08) 9892 8444 jmoore@agric.wa.gov.au 
Newman, Peter Agriculture Western Australia Geraldton (08) 9956 8555 pnewman@agric.wa.gov.au 
Pannell, David University Western Australia Albany (08) 9844 8659 David.Pannell@uwa.edu.au 
Peltzer, Sally Agriculture Western Australia Albany (08) 9892 8444 speltzer@agric.wa.gov.au 
Piper, Terry Agriculture Western Australia Northam (08) 9690 2000 tpiper@agric.wa.gov.au 
Powles, Stephen WAHRI, UWA Nedlands (08) 9380 7833 spowles@agric.uwa.edu.au 
Price, Laurie Aventis Aventis 0427 592 031 laurie.price@aventis.com 
Revell, Clinton Agriculture Western Australia Northam (08) 9690 2000 crevell@agric.wa.gov.au 
Roy, Bill Agricultural Consulting & Research Services  York (08) 9641 1080 royacars@avon.net.au 
Stewart, Vanessa Agriculture Western Australia Merredin (08) 9081 3111 vstewart@agric.wa.gov.au 
Wallace, Alexandra Agriculture Western Australia Katanning (08) 9821 3333 awallace@agric.wa.gov.au 
 
